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A COMPUTER.PROGRAM SYSTEM TO GRID AND

CONTOUR RANDOM DATA

Bt

SrlNlnv S. JouNsoN, Clnol L. HuxsAw"

and DonorsY R. THoMAS'

INTRODUCTION

The computer programs that are described in this report were

developed by the Computer-Science Center, University of Vir-
ginia,lor the Virginia Division of Mineral Resources for use in
ih. p""pu"ution of geophysical data, which will aid in interpret-
ing the geology and mineral resources of the State.

The contour map is an excellent way for visual presentation

of data. The computer-derived contour map has advantages of
rapid preparation, objectivity, and reproducibility. If contoured

by hand, a map may be subjective in that it reflects the opinion

or degree of experience of the person doing the contouring' It
may be desirable to mahe minor revisions to a computer-con-

toured map where indicated by other geological or geophysical

information.

The purpose of the enclosed programs is to utilize the card

cutput from the Division's gravity reduction program' and out-

puC thu* in a form (REFORMAT) suitable for use by a grid-
generation program for random data points (GRID GENERA-
TION). After the data have been gridded, this output and some

of the output from the REFORMAT program are used by the

CONTOUR program.

The polyconic projection used by REFORMAT and the basic

algorithm for the generation of the grid were contributed by the

U. S. Geological Survey in Washington, D' C. Modifications were

necessary to make the programs compatible with the Burroughs
85500 computer and the Calcomp 570 plotter. The assistance of

Gerald I. Evenden, U. S. Geological Survey, Denver, Colorado,

was invaluable in the development of the CONTOUR program'

I Computer programrners, Conlputer-science Center, University of Vir-
ginia, Charlottesville, Virginia.
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These programs were developed into a working system for the
Burroughs 85500 computer by Carol L. Huxsaw and Dorothy
R. Thomas at the Computer-Science Center, University of Vir-
ginia, Charlottesville, Virginia.

REFORMAT PROGRAM

The REFORMAT program (ITORTRAN IV) utilizes card
input, consisting of points (z-values) and latitude and longitude
determinations. These values are output in a form suitable for
use in the GRID GENERATIoN program. utilizing a polyconic
projection, the latitude and longitude of the data points are con-
verted to distance, in meters, from a central meridian. The pro-
gram also determines the minimum and maximum latitude and
longitude, both in degrees and meters, for use in the succeeding
programs. The average distance between data points is calculated
to assist in determining the grid size. If requested, the original
input data is written on the line printer. The points with longi-
tude and latitude in meters from the central meridian are written
on a tape and. are used to fill the grid. These points are followed
by the same points with longitude and latitude in meters from
the minimum longitude and latitude and are used to plot the
original points on the contour map.

Input data for REFORMAT:

1. Latitude and longitude of the central meridian in degrees,
minutes, and seconds. These numbers should be right-justified
in a fiel.i of 4 digits.

ec. 1-4 XDEG-latitude degrees.

5-8 XMlN-latitude minutes.

9-12 XSEC-latitudeseconds.

13-16 YDEG-longitude degrees.

L7-20 YMlN-longitudeminutes.

21-24 YSEC-longitude seconds.

80 OPT-option for printing input data.

0 do not print input data.
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1 print only latitude, longitude, and z-value

within the specified box (Map Area)'

2 print entire card if latitude and' longitude

are within the specified box (Map Area) '

Minimum and maximum latitude and iongitude of the inner

box. This card is nat read when tl,e option on the first card is

0. The box represents the actual area to be contoured al-

though points outside this area are necessary for aceurate

contours at the edges. The degrees should be integers right-
justified in a field of 4 digits. The minutes are right-justified
in a 6-digit fleld containing 2 decimal places.

cc. 1-4 LATDMX--maximum latitudq degrees'

5-1C LATMX-maximumlatitudeminutes'
11-14 LATDMN-minimumlalitude degrees'

15-20 LATMN-minimumlatitudeminutes'
2I-24 LGDMX-maximumlongitudedegrees'

25-30 LGMX-maximumlongitudeminutes'

31-34 LGDMN-minimumlongitudedegrees'

35-40 LGMN-minimumlongitudeminutes'

The points (z-values) with their latitude and longitude in de-

grees, minutes, and hundredths of a minute. The degrees are

integers rightjustified in a 4-digit field. The minutes are

right-justified in a 6-digit field containing 2 decimal places

and the z-value in a 7-digit field with 2 decimal places.

cc. 75-17 XDEG-latitude degrees.

18-23 XMlN-latitude minutes.

2T-29 YDEG-longitude degrees.

30-35 YMlN-longitude minutes.

73-79 ZYAL-z-value.

Output data from REFORMAT:
1". Tape

a. The number of original points (format I10). The mini-
mum and maximum longitude and latitude in meters from
the central meridian (format 4F14.4).

3.
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The points with their corresponding longitude (x) and
latitude (y) in meters from the central meridian (forma",
3F20.4).

The points with their longitude (x) and latitude (y) in
meters from the minimum longitude and latitude (format
3F20.4).

2. Line Printer

If requested, the input data which fall within the inner
box (map) are listed.

The number of original points: used as input to the CON-
TOUR program.

c. The minimum and maximum latitude and longitude in
meters from the central meridian.

d. The minimum and maximum latitude and longitude in de-
grees: used as input to the CONTOUR program.

e. The average distance between data points: used to calcu-
late the size of the grid.

GRID GENERATION PROGRAM

The GRID GENERATION prograrn (FORTRAN IV) com-
putes grid interestion points for random (irregularly-spaced)
data over a defined area of a stated dimension. The maximum
size of the grid is 120 x 120 points though this can be changed
depending on the capacity of the computer. The input variables,
DELX and DELY, corresporld.to the meters between grid points
and are used for spacing the original points on the grid in the
x-direction and y-direction, respectively. The process of GRID
GENERATION is a multi-pass method that uses a general
weighted average approach.

The scale factors to be used in both the x-direction (XSIZE)
and y-direction (YSIZE) in the CONTOUR program are com-
puted from the scale desired (SCALE) which is in miles per inch.
Once the grid has been computed and all missing points have
been calculated, the grid is scaled and divided into blocks of 9
inches in the y-direction for contouring, with three grid rows
overlapping from one block to the next (maps are contoured on
a l2-inch plotter).

b.

b.
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The algorithm used in generating the grid, as described by the

LI. S. Geological Survey in the documentation for Program No'

W9322, consists of five stePs:

L. The weight functions and weighted sums for each random

data point are formed when X o and Y o are within the area

specified. The weight functions for the four grid points sur-
rounding Xk, YL are Wo : L/d'p (p : 1, 2, 3, 4) and dp is

the distance from Xr, Y* to the p'h grid point. If the distance

is zero, then Wo - -1, noting a point that falls directly on

a grid intersection. In this case, the given Zvvahrc is used

rather than the weighted average. When Wp * -1 the fol-

lowing surns are comPuted:

WLs"n-
Wij Wi3 * W1 .

W,i+r:Wti+r*W,

Wilr;: Wilr; * W3

W,+rj+r:Wi+ri+r*W+

Wei.ghted Product Sum

WZ..: WZ..+ Wt x Z 
oIJ TJ

WZ ,i+r: WZ rr*r* W, x Z o

wz r*rr: wzr*tr+w rx z k

wzr*rr*r: wzr*rr*r* w*

P:1

9:2

P:3

9:4

P:1

9:2

P:3
xzo P:4



VrncrNr.a. Drvrsrox or, MrNpnal Rnsouncps

The indices i, j are 'ihe upper left corner of the grid box
containing the point Xr, yr.

The weighted average for all points is computed where
W,:)0: WZii= WV,,iWij If Wij = 0, then the grid point is
missing and flagged as WZ.. - 10'o.

The matrix WZ;; is scanned for missing points. If any are
found, then either step 4 or step 5 is executed, depending on
option 4 of the input card, as described below. If there are
no missing points, the GRID GENERATION process is
complete.

4. If option 4 is zero, then at each missing point, a "K,h local
grid model" is created with the missing point at its center.
K is set to 1 for the first pass and incremented by 1 for each
successive pass th.rough this step. Step 3 is repeated after
each pass. The grid model uses all possible values immed-
iately surrounding the missing point and within the model

Note: Step 4 is generally recommended when large amounts of
data are missing.

2.

B.
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and boundary of the WZ' mairix. A weighted average is
found within the grid similar to that outlined in the first
two steps.

i-k

i+k
5. When option 4 is 1, a value is computed at each missing point

using a four point boundary average method. The four neigh-
boring points (i, j -k), (i-k, i), (i, j +k), (i*k, j) are
summed if they are not themselves missing points and di-
vided by the number of points used in the sum.

Input to GRID GENERATION:

1. Card

1 if grid should be written on the line
printer.

0 if grid should not be Printed.

0 if output should be on taPe.
I if output should be on cards.

1 to list random data read from tape.
0 if data should not be Printed.

0 to determine missing points by finding
K local points for an average (SteP
4).

L to use the four point boundary aver-
age method to find missing Points
(SteP 5).

5-7 M The number of rows of the grid (lati-
tude distance). This is determined by
dividing the size of the grid in the y-di-

ec. l OPT(I)

2 OPT(2)

3 OPT (3)

4 OPT(4)
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rection (explained below) into the dif-
ference between the maximum and mini-
mum latitude in meters. One (1) should
be added to the rounded result to give
the number of rows rather than the
number of grid boxes.

8-10 N The number of columns of the grid
(longitude distance). This is determined
by dividing the size of the grid in the
x-direction (explained below) into the
difference between the maximum and
minimum longitude in meters. One (1)
should be added to the rounded result to
give the number of columns rather than
the number of grid boxes.

11-14 DELY Integer: the size of a grid box in the y-
direction. From the output of the RE-
FORMAT program, use the D (distance
between data points) that has been com-
puted and find the grid interval such
that it is between I/4D and L/zD.

15-18 DELX Integer: the size of the grid box in the
x-direction. This is computed in the
same manner as DELY.

19-23 SCALE This is the scale desired on the contour
map: the number of miles per inch. This
is a 5-digit number including 2 decimal
places.

2. Tape

a. NP

XMIN

XMAX

YMIN

YMAX

Number of original points (format I10).

Minimum longitude in meters (format
F14.4).

Maximum longitude in meters (format
F14.4)

Minimum latitude in meters (format F1.4.4).

Maximum latitude in meters (format F74.4) .
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The original points with their longitude (x) and latitude
(y) in meters from thc central meridian (format 3F20'4) '

The original points with their longitude (x) and latitude
(y) in meters from the minimum longitude and latitud'e
(format 3F20.4).

Output from GRID GENERATION:

1. Tape

If OPT (2) of the input card is zero, then the grid and the

original points will be written on a magnetic tape to be read

into the coNTouR program. The blocks are written in ord.er

and each block is preceded by the original points in that block.

The original points are in the format 3F14.4 with the longitude
(x) first, followed by the latitude (y), and then the z-value. The

longitude and latitude have been converted to inches using the

scale desired, so that they may be plotted directly on the map'

The grid is written using the format 8F10.4 with each row be-

ginning on a new reeord.

2. Cards

a. ZDATA Cards-a comrna follows every value, including
the last one.

The ZDATA card is punched whether the grid is written on

tape or punched on cards. It contains the word "ZDATA" (in-
cluding the quote marks), the number of rows and eolumns in
the block following it, the number-of original points in that
block, and an indicator to tell the CONTOUR program if the
grid is coming from cards or tape. There is one ZDATA card
per block and they must be used as input to the CONTOUR pro-
gram.

b. If OPT (2\ ot the input card is 1, then the grid and the
original points will be punched onto cards, block by block,

in the same manner as described for the tape.

3. Line Printer

a. The x, y, and z values used as input to the GRID GEN-
ERATION are printed if OPT(3) of the input card is 1'

b. Input information:

b.
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The 4 input options, the number of rows and columns, and the
minimum and maximum longitude and latitude in meters from
the central meridian are printed.

c. The number of blocks to be contoured and the number of
rows in each block.

d. The scale factors for the
rection (YSIZE). These
TOUR program.

x-direction (XSIZE) and y-di-
must be entered in the CON-

e. The grid is printed, row by row, if OPT(I) bf the input
card is 1.

f. The maximum and minimum z-values.

CONTOUR PROGRAM

The CONTOUR program (ALGOL) uses the output from
GRID GENERATION and some of the output from REFORMAT
to draw contour lines. An approximate bi-cubic spline technique
is used to connect each contour in going from one grid box to the
next. This teclinique uses a 16-point tagrange interpolation
scheme over the surface. The spline utilizes the derivative of the
surface to assure a smooth x-y profile across each grid box boun-
dary. For this reason, the CONTOUR program assumes data to
be a uniformly spaced grid.

A polyconic projection was used by REFORMAT to compen-
sate for the curvature of the earth. Since the curvature is not
constant the point with minimum longitude in degrees and the
point with minimum longitude in meters from the central meri-
dian are not always the same. Since the latter is used in posi-
tioning the original points on the map and the former is used in
the positioning of the longitude, there may be a slight discrep-
ancy between the actual longitude of some points and the longi-
tude at which they appear on the map. This discrepancy is also
influenced by the fact that the curvature is not accounted for in
labeling the longitude or latitude. This slight discrepancy in-
creases with the distance from the central meridian being used.
This factor may also be the cause of a few points not falling
precisely within the correet contour level. In most cases, this
discrepancy will he slight. This same discrepancy can also be ex-
pected in the latitude.
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The CONTOUR program is designed to drive a Caleomp 570
offline plotter. The plolter package itself declares and opens the
plotter tape. .lrll calls on the package are standard to Calcomp.

The CONTOUR program will do two types of contouring. The
first type will contour an area from a given minimum to a given
maximum contour level with a given incremental contour in-
terval value. The second type will contour only the contour levels
stated.

The latitude will be drawn and labeled on both sides of all sec-
tions or blocks of the map. The number 1849.8 used on cards
316 and 320 of the CONTOUR source program is meiers per
minute of latitude for central Virginia and should be changed
for other regions. Longitude rvill be drawn and iabeled on the
top and bottom of the map, not on each block. The number 1477.8
used on cards 238 and,254 is meters per minute of longitude for
central Virginia. The maximum and minimum values of latitude
and longitude are part of the input, as well as the division in
minutes for labeling. This program also draws a box (rec-
tangular in shape) around an inner area of the map correspond-
ing to specified ininimum and maximum latitude and longitude.
This must be an integer multiple of the divisions being used for
labeling. That is, the latitude and longitude of the inner area
must correspond to one of tlie latitude or longitude labels.

Input to CONTOUR:

All input is free-field. This requires a comma after each value,
including the last value.

1. Card l-the "MAP" card.

1. TYPE

2, JSIZE

3. ISIZE

4, NUMY

"l\fAP" (including quotes) are the first
5 characters.

number of rows (y-directi-rn) of entire
map (integer).

number of columns (x-direction) of en-
tire map (integer).

number of rows in a sub-grid. pach grid
box is divided into a sub-grid for inter-
polating the curve within that grid box.

1I
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5, NUMX

6. YSIZE

7. XSIZE

8. INTVAL

9. JSUB

10. ISUB

11. ADJUST

T2. ADJUST2

13. NSUB

14. DELY

15. DELX

2. Card 2-The CONTOIJR card.

1. TYPE

2. DELCV

3. MINCV

4, MAXCV

Program will compute NUMY=YSIZE/
INTVAL when zero is entered (in-
teger).
number of columns in a sub-grid. Com-
puted to be NUMX:XSIZE/INTVAL
when zero is entered (integer).
scale factor for y-direction (determined
by GRID GENERATION).
scale factor for x-direction (deter-
mined by GRID GENERATION).
size of each sub-grid box. If entered as
zero, it is set to 0.05.

number of rows in largest block (in-
teger).
number of columns in largest block
(integer).
tolerance allowed be- \
tween contour value 

J

and value of grid / Programs wili
point. r, compute these

amount to shift 
"orr- 

i values when o

tour line when toler- \ is entered'

ance is not met. )
number of blocks as determined by
GRID GENERATION.
size of a grid box in the y-direction as
described in GRID GENERATION in-
put.

size of a grid box in the x-direction.

"CONTR" (including quote marks) are
first 7 characters.

contour increment.

minimum contour
level.

maximum contour
level.

l, {o, type z

I 

conioLirrng.
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5. PRIMC prime contour value to be maintained
for contour suppression (i.e., l'0 for
L0's, etc.).

1 for no contour suppression.

Note: NOT FULLY DEBUGGED.

6. NCVAL number of contour levels to be drawn
for type 2 contouring; 0 for type 1 con-

touring.

7. LABL option for labeling points.

0 to plot original points as *, no label.

1 to plot points and label them.

2 to read. through points.

8. CPI number of eontours per inch, zero fot
type 2.

coirtouring, (used for contour suppres-
sion).

9. NDEC number of decimal places for contour
labels (less than 5).

10. SCAL final scale of map in mileslinch.

1,1. I.IORPT number of original points (output from
REFORMAT).

3. Card 3 (oPtional)

This card is used only when NCVAL (card 2) is greater than
zero. It specifies the contour levels to be contoured, in ascending

order, when type 2 contouring is being done, and must contain

NCVAL contour levels in free-field.

4. Card 4-the LATITUDE card.

1. TYPE "LAT" (including quote marks) are the
first 5 characters.

2. ZLTD degrees I of minimum latitude of

3. ZLTM minutes f **n'*

L3
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4. ZLGD desrees (
5. ZLGM minutes 

J

6. MAXLTD degrees I
7. MAXLTM . minutes f
8. MAXLGII desrees I
9. MAXLGM minutes f

of minimum longitude of
map.*

of maximum latitude of
map.x

of maximum longitude of
map.*

labeling increment in minutes for lati-
tude.

labeling increment in minutes for longi-
tude.

maximum latitude of inner
box (multiple of DLT).

minimum latitude of inner
box (multiple of DLT).

maximum longitude of inner
box (multiple of DLT).

minimum longitude of inner
box (multiple of DLG).

10. DLT

11. DLG

L2. LATMAXD degrees )
13. LATIIAXM minutes I
14. LATMIND o"*"u"* i
15. LATMINM minutes f
16. LONGMAXD degrees I
17. LONGMAXM minuhs 

J

18. LONGMIND degrees 
'l

19. LONGMINM minutes f
*For accurate labeling these should be latitudes or longitudes

of extreme points on the map.

5. The remainder of the input will depend on the output of the
GRID GENERATION program. If it has produced a deck
for the grid then that deck is all that is required. If it has
produced cards and tape, then the cards that were punched,
one for each block, complete the input card file and the tape
will also be required.
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In the case where GRID GENERATION program has not
been used to supply the grid, the remaind.er of the input must
follow the description below. Data may come from cards alone
or from cards and tape.

a. Cards--when cards are the only additional input, they
must be in order by block.

1. ZDATA card-a comma follows every value inelud-
ing the last.

TYPE "ZDATA" (ineluding quote marks) are
the first 7 characters-

JMAX number of rows in this block.

IMAX number of columns in this bloek.

ORPTS number of original points in this block.

ZFILE 1 if original points and grid are coming
from cards.

2 from tape.

2. Original Points-in 3F14.4 format. The longitude (x)
comes first, followed by the latitude (y), and then the
Z-value. The longitude and latitude must be already
converted to inches using the scale desired, so that
they may be plotted direetly on the map.

3. Grid Points-in 8F10.4 format.

b. Cards and Tape

1. Cards-the ZDATA cards, one for each bloek, as de-
scribed above.

2. Tape-the blocks must be in order, with each block
preceded by the original points in that blocli and in
the formats specified above.

15
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Output from CONTOUR:
The output from CONTOUR consists of a plotter tape and a

NORMAL END OF JOB message. Should an error occur in the
input data, an error message will be printed on the line printer
and the job halted.

The following listing of the programs (REFORMAT, GRID
GENERATION, CONTOUR) was furnished to the Division of
Mineral Resources by the Computer-Science Center and any tech-
nical questions concerning the programs should be directed to
the Center. Figure 1 is part of a gravity map contoured with
actual field data utilizing the following program system.

33, 5

- -3:l 5

-33.q
-3J. 6

Frcunp 1. Sam,ple contour map utili.zing antual field, d,ata.

-33 ?
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APPENDIX II REFORMAT PROGRAM LISTING

FILg SECR'UNIT.REA0ERrREC0R0tl0
FtLE 6rLPrUNlTtPRINlERrlEC0R0.t5
FtLE tOsC0i{t0UE/JNPUtTUIIt.IAFETSAVE'633rBL0CKlt{G'20rREC0R0'10

REFORI,IAI PROGRAI,I

RTAO IN LAIITUOE AND LONCIiUI'E OF CENTRAL ilE'TIOIAN

INIE{Ef, OPT
Rt AL LAlllxr LA Tf.lNr LGtttXr LGr,lN
DIN€NSI0N XLAI( 1500)rYLONG( 1500)rX( 1500)rY( t500)rZ( 1500)
READ(5r 1O ) XOE6r XI,IIiIT TSEC, YOEG'YilIN, YSEC, OPI

t0 FORl,laT(6l4r55XrIt)
CMLAl'SECuN0 ( X0EG, X$ I l'l )+xSEC
CrL0ilGESEC0fl0 ( l0FG, Ylt I N )+YSEC
tF (oPT rEo.0t eo To l7
RE AD ( 5r t 5 ) LA TUtIXr LA I}tXr LA I0Xn r LA lt Nr l00l{xr L GMXr LG0liN r LGf,lN

l5 FoRlrlAl(4(I4rf6r2!)
t{FITE(6r30t

30 F0RFAf(llllr29Xrl0HltlPUT DAfAll)
c
c REA0 It{ LAItTUoE Ar10 lorctTUoE 0r
C FROJECTION
c

EACH P0INT Aato 00 P0lfcofilIc

r7

t7
to00

20

t{t{10001
RFtiI0002
RFrT0003
RFrT0004
RF il T OOO5
RFrl0006
frFrl0007
frFrl0008
fr Fr I000 9
RFrT00l0
RFrl00 I I
RrrT00l2
RrrT00t3
R Fri4I00l 4
RFxI0015
RFrl00t6
RF$T 00 I 7
R F u 10018
R r u 10019
RFilT0020
RFxt002 I
xFiT0022
ri Frl0 02 3

RFsT0025
RFrl00?6
RFT T OO?7

RFilI0033
Rr{T0034
R Fr.{ T 00 35

Ir0
READ(5r20rEND.g99) Xlrx2rx3rxoEGrxl{INrx4rYoEGrYlllt{rx5rX5ty ltvBtl'9tRfp7OQ24

Xl0rXllrZVAL
F0RllAT(?A6r A2r l3r F6r2r A3r I3r f 6 t2r 6A6 t Al tFf t2)
IF (0PT.80.0) G0 t0 24'
lF ((X0E6 rLr. LAtDXx.0R. XDEG.E0T laloilX

IAND' (XDE6 
'GT, LAIDiIiI 'OR' XOEG IEO'

LATtlii).AN0. (YDEG.LT. LeoilX r0F. YU€0
Yr,tIa{.GE. LGltxt rAN!. (Y0€e .Gr. LGoltti
.ail0. YilIN rLEr LGitN)! CU lo 2l

G0 l0 24
lF (0PT rEar 1) ltRtlE(6r22) x0ECrxMlilrYD€GrYl4lNrZVAL
F0Rllf T ( ltt r l3r F6.2r l0Xr 13 t F 5,2r l5l t t f t?l
tF (oPT.EO. a) IRIIE(6r?3t xtrX2rX3rXoEGrXl.aINrX4rY0EGrYrIlrx5,X6rRfrT0036

X7r XErXlrXl0rXllrZVAL
F0RllAl ( 1H t 2 A6 r A2 t lStl 6 t2 t A3 r 13 rF 6 c?t 6 A6 r Al t F f t2l
IrI+l
Z( I ):ZVAL
XLAI( I )tsgC0N0( XDEGr xlll N)
YL0NG( I )SSECONI (YDEG,YNIt{)
0 I FF'YL0N0( l r -cl.{L0t{G
CALL POLY(Cl,llAlrXLAT( I )ru!FFrx( I )rY( I ) )
G0 T0 1000

999 CALL l'lINllAl( Xr Yr Ir XllIilr XilAXr Yl.lIN, Y{AX)
t{R ItE( 10r25 ) IrXr I }l, Xl'rAXr Yhll{r YtlAX
F0RllAT(tt0r4Flar0)
00 40 J.trl
tIRITE(10r3t) X(J)rY(J)rZ( J)
F0RrtAT(3F20.4)
C OIIT I NUE
tIRITE(6r55) I
F0RllAl(t.lllllHEtaE ARE rI6rl6lt 0RI6INAL POINIS//1,
tIRITE(6r60 t YillN, YltAX, Xl,llt'I, Xf,lAX
FtlRtilAl(53H t{It{l}rU}l AN0 l,iaXIl,tUM LATIIUDE AND l0t{GltUDE Ix ll€TtRS// RFFT0056

l19lt MlNIl.tul{ LAT!tU0E ttFl4t4t1911 t'lrXttlutil LATITU0E !rFt4r4/t9H l{INlllfMt0057
2|.f UN L0t'iGl TUDE =, F | 4. 4 / Lgltt taAX I l,tUtir L0trrG I TU0E:r F I 4 r 4/// )

DE S 0 R T ( ( X !,1 A X- X I'l I ll ) t ( Y ll A X t Y li{ I l{, / l,
o0 100 Jelrl
x(.r)rX(J).XirIil
Y(J)!Y(J).lNlil

100 IRIIE(10r35) X(J)rY(J)rZ(J)
C A L L til I il l.l A X ( X L A T r Y L 0 t{ G r I r X ll I ll r X trl A X r Y f! I l,l r Y I't A I )
xDtctrlilt(xNlN/3600r t
Xt{lNl !ABS ( A}.100(Xitll{r 3600 r )/60. )
XnEC2EINT(XilAX/3600r )
xla llr2.ABs( af,t00(xirAx, 3600. )/60.,
YDEGITINT(YxlN/3600. )
Yia lillrABS( 4il00(Yil Illr 3600 r )/50 r )
Y0EG2.lNT( V[AXl3600. )
YI lil2rABS(AilO0(Yf,lAX, 3600. )/60. t
llR I T E( 6 r 70 ) tDtG t I IN I N I r xDE62 rXl,tl N2 r YUE0I r Yli I Nl r YDEG2 rYl.t I N2

.ANDr Xltlt{ .LEr LAll'lX)RFsT00?6
LAIDI,IN rAN0. Xl'ltN .GE. RFPT00?9
.t6. 1_69;{;.Aftor RinT0030

.0Rr YDEG.€0. LGDl,lN RFrT0031
RFUTOO32

2t
22

23
2C

35
40

55

60

25

RFTTOO3T
RisT0036
RfilI0039
RFrT0040
RFtrTOOA I
RFr.rl00q2
RFrI0043
RF rl 0044
RFr I 0045
RFsI0046
i FI 1 0047
RFfT0046
RFilTOO49
RFil T00 5 0
RFsT005 t
RFrt0052
RFpl0053
RFMTOO'4
RF r T 0055

RFcI0056
R F irl0059
RFrT0060
RFI T 006 I
R Fxl00 6 2
RFtl0063
RF r{T 006 4
RF rr 0 065
riFHT0056
fiFrT0067
RFT T OO68
RFr T 006 9
R Fr T 0070
|lFs I 007 1
RFrl0072
RrrT 007 3
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I ( A 6 . C 0 S ( 6 . r p R ) * s I h ( 3 r r t p R ) ) r a 8 . c 0 s ( 0 . r p R , r s t t{ ( 4 . r I p R )
RFITJRN
END
StrIR0UI I NL MI Nf,tAX( ALAf , AL0NGr r,tplSr xtrI rlr XMAx, yMIN, yttAx )0lNENSl0N !LAT(3000)rALONG(3000t

Frli0s rHE rtrrrur Ailo ril^xr{u*| 0F rHr L^rrruoE ANo L0rcrTUDE vALUEs ltl13l:i

c

c

f 0 F0RliaI(//54H t'tINtr{U} AN0 r,tAxtf.tUM LATt IUDE Ati0 L0NGtIUD€ It! DFGRIt sRFeIooT4l//19|l tllNl|.rutit LArlru0L =tlart6t2tlglt riaxtMUtl LATITu0E ctt4tF6c2/ xFMl0o752l9H frti/lriruN LorlGlTUoErrIart6.?/lgk FA^tfiult L0NcIIU0E5,l4rF6t?/t/) RFsI0076hRIIE(6r60) RrtsIgo7700 F0RltAl(//42N AvEFAGt tISTANCt 8Er(EtN 0ATA p0tilTS, D z,FtZ.Z//5tH RFuT00ZtlTHE CR!D INTFRVAL, Gr SH0uLD sE suci txlr.i:<ol<c<.5(0)/94}t l0 cARFFTO0Tg
?L9ULlT! tfr€ GRID StZE, DTVtOE G tNl0 IHF OliFrnincrs til LArIru0E ARrnT00803IID LONGI'UDE IN IiETTRS) RF}IOO6I

STOP
Et{0 RFilI0082
FUNcrt'r sEc'Nu(.rGrFMrN) ii;133:i

coNvERls attGLL tN 
'Ec.RErs. 

Ar{D rtnu'Es T0 s€c.trr's. Iill88::SIGIII OF ANGLE ! SIGN OF OLcFEES RFMIOO8T

s r c 0 N D E s t G rtr ( t . , 0 F G ) * ( 3 6 0 o . r I ts s ( D E c ) + 6 (, r r r il r iu I F : I 3 3 : iRf TURN
€ND RFu.l0090

strB^'urrNL p'Ly(plrpzrDlrxry) lFll3ff:
FFpl 0093P0LYC0lrIc PR0.,ECTI0N 0F p0Itr hlIH LrTltrruEspZ. pt.LArtIUoE 0F CENIRALRFsToog4fERl0lltii.0LsLoNcItUnINtL 0tFTERENCi rror-irninlr- il€Rt0IAN TO p0thr. Rtr19se5XSDISTANCt FROIiI CENTRAL MERTDIAN ALOiIG LAIIIUDE i2. V.91511Xgg P*U, fIFM]0096Pl T0 P2. IrY IN ilETEilSr ptrptroL tN SLCoTDS. RFtsToo97

RFAL LA, Ip, Ipii RF{Too96
RFMI 00990ATA ARC0ltE,ESatLArA0rA2tA4tA6rA6,/4.646136EE-6,6.76865s0E-3, RFkIo1001 6378206.4,636t399.t,324i3.08Er34.qt62r.0454,6.08-5/ Rf{Tot0l

lP:P2-P1sttiPz:siN(pz*Axcoll) lifl3l33C0SP23C0S(P2TARCnNE) BrMTOtoATNEIA:0L'S!NP2 
- RFMt0l05A.S0RT(1.0.(tS0r(2.rSIitpz)))/(LArARC0I€) RFMIof06lF (SIl.rP2) 10r20r 10to coT:cosP2/SINP z RFrl0107

c0 T0 30 RFrl0108

?o col=t.oE6d rlF'rolo9
r o i i t c o i i 5 i i t r H E r a r A n c 0 x E , ) / ( A r A R c 0 N E , I F il I 3 I I IIPREIPTARCoNE RFrTottzPFE(<P2+PI)/2. rrtRcot{E Rfrlotti

Y E A 0 r I P R - ( I ? * C g S ( 2 . r P R ) r s t it ( I p R , t 1 ( A 4 r c o s ( 4 , . p R , r s I I ( 2 . r J p R t .) . R F { I 0 I I 4
RFrT0lt5
RFuT0tl6
RFill01t7
RF{l0l 16
RFrT0t I 9a

c

XFIitSALAT( I )
xMAX:ALAt(l)
Yl.4l!!AL0NG( I )
yt4AX.ALoNc( 

1 t
otl lo l!2rMpts
JF (XMIIi rGT. ALAI(I)) XTINsALAT(I'
If (xMAX .LTr aLAT(I)) xTAXETLAT(I)
IF (Yt.IIiI rGT. ALNNO(I)) YMtN:ALo{G(I'
IF (YMAX .LIr ALIING(I)) Y}{IXtALOiIG(I'

t0 c0tlT INUE
RtluRr'l
E'TD

RFMIOI22
RFtsTOt23
RFvl0l?4
rlFrT0125
RFvT0l26
RFMIO'27
RF{T0126
RFut0l?9
RFst0t30
RFilIOI3l
llF$ I01 3 2
8FtsT0133
t{FMl0l34
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APPENDIX II: GRID GENERATION PROGRAM LISTING,

I L € 2 E C P H , U I I I r P I I I G H r li E C 0 ti 0 c I 0
lLt SFCRTUilIT:RE!DtRrtlEC0X0=lO
t L t 6 : L P , U N I T : P lt I N I E F , R I C 0 R D : I 5
lL€ 103C0tlTtrUR/INPUTTUNIl!TAPE,BL0CKING:20rRICOFDol0
I L t r t : c R I D t E 0 / D A T a r I I t'l I I : I A P E r S A v E 3 6 3 3 , B L U C K I t{ G B 2 0 , R E C 0 R 0 ! I 0

G'I IO G[}'EIIATION PROGRAI{

ftAr{001r UATA IAPE -- BINARY, UNII 10.
GFI0 nUIPUT 1APt.. BIr{ARYr UNII ltr

IiITEGER OPT(A)
D t fiENS l0N lZ ( 122 t 122 | t tt t r22 t 122 | t X ( 15 t0 ) r Y ( I 500 ) r Z ( 1500 ) r

tIt\x(4)rJNx(4)
DtxENSI0t{ XTf MP( t 000 ), YlEt'irP ( 1000 )r ZTE}tP ( r000 )

10 tlFA0(5r20) 0PTrtlrl{TDELYT0ELITSCALE
2! F0lilral(4llr2l31274rF5.2'

Ir (i,r.Lt..0.0R.N.l-8.0, G0 r0 90
It (r.GT. t22.0Rr N.Gr. 122) G0 lU 90

30 FtAD(tOr35) liPrXIInrxMAIrYlIxrYMAX
35 FOtihaT(l10r4Fl4.d)

G0 lu 1?0
90 tlFIlE (6rI00)

t00 f0Rt,rT (5lHlPAriANETtR
10F )
C!LL EXIT

ClR0 ERR0R.- ir 0R N.CT.122 0R iilII'MAX lRliGRl00020

c cfrEcNs nN FAkAilfILRS tjh.
120 l.l1:r+l

h!3N+l
142.h+2
ti23h+2
D€LX2:0LLxrr2
DELY?:0ELYtr?
xF ACISDtLX*6. l?37E-4lSCALE
YtACr:0tLl 16. 1237E-4lSCALE

C RtAD RAt'rDuh DATA REC0fl0
D0 140 J:1rNP

140 REA0(lor145) X(Jltf(JltZ<Jl
t45 r0R$Ar(3120.4)
150 tr (uPl(3).Eo.r) G0'Iu 530

Kal
KTBNP+I

t60 lF (K.Gf_.|(xl GU Y0 310
XK=;161
YK=Y(K)
zf,cz(K,

19

I
f
F

f

GR t 0000 I
6R I 9000 2
GRrD0003
GRI00004
GR r00005
GRI00006
GRr00007
GR r 0000 I
GR I 00009
GRI00010
GRr0001t
cRt00012
GAr000t3
cRr00014
cRr00015
GRIDOOl6
GRt000t7
GRt000tE
GRrD0019

cR r000?l
GRr0002?
GR100023
GR I l.'0024
cR l 00025
GRr00026
GR I DO O?7
cR r 0 0028
cR100029
cR r 00030
cR r 0003 I
GR r 000 3?
GRIUOO33
cRilJ0034
GRrD0035
GR r U00 36
GRr00037
cRt00036
6R lJ0039
cR r00040
GRr00041
GRIT'0042

22O lF (xK.LT.IUIN-DELt.OR.XK.GE.Xr,rAX+DELt.0RrYX.Lr.YIItr-0ELY.0R.YK.G[GRr00043
6R r D0044

GRID POINI. GRIDOO45
GRlD0046
GFtD0047
GF r 000 4s
eRID0049
GR100050
GR I 0005 t
cR r 0005 2
GR r00053
GR I 00054
cR t 00055
Gt r00056
oR I 0005 7
GR r 0 0056
cR r 90059
cR I00060
cR100061
cRrD006?
GR r00063
cR r 00054
cRrD0065
cRr00066
GR I DOO6 7
cRtD0066
cR I 00069
cR r It0070

l.tlAxlDELY) $U Tn 260
C (IrJ) AFE ll.10lCES Ut UPPTR LEFI CtiRilltt 0f NtARESI

JE(lK-XhIxr,/DELI+2.
IE ( Yt<-Yi^ Iil )./nELY+2.
Xt BX{IN+0tLX{FL0AT( Ji2)
Y 1=Yl'tItt+DLLYTFL0AT ( t.2 )
tF (xK.E0.x1.AND.YX.E0.Yr) GU lO 520
x?Ex 1 +0rLx
Y2=11+tlELY
XttE(Xh'Xl).*2
X02r(Xl(-X2)rt2
Y0lE(yK.Yl)r*2
Y02=(Yf-YZ)rr2
IrtEl./(x0l+Y0t)
{2:1./(r02+YDl)

'l3=! '/(XDI+I02)ir4:1./(x02iY02)
IF (tl(Ir.,l).tiF.'1., AD I0 270

230 lF (l{(lrJ+ll.t'tt'-1.) 0O r0 260
240 1F (11(I+1rJ).NL.'lr) 60 r0 290
250 IF (4(I+1rJrt)rNE.'t.) GU T0 300
260 K!r+l

C PFOCESS (LXT X.TH OBSLRVATIO'i
G0 l0 160

270 {( lrJ)=I( IrJ)+Hl
$?( I, J)=[Z( l, Jr+rlrZK
G0 I0 230
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COiIPUIE I{IIGHIEO AVIRAGI

?60 r(IrJ+1)5h(IrJ+it+12 cRrooo?inz(ltJ{l)itaz(lrJ+1)+ttz.Zr( cR100072
G0 I0 240 GRtt)0073

290 X(l+1rJ)!r(trlrJt+r3 cRt0O0Z4
rtZ(IrlrJ)3NZ(l+lrJr+ItrZ( cRfD007F
G0 ]0 250 cRr000t6

300 l(I+lrJ+l).[(I+1rJ{l)rN4 cRt00077Iz(l+1rJ+treIl(ItlrJ+t)+i4rzK GRIDO0?0
co lo 260 cRrDooTg
EI'O-0F.OATA 0F CURFEIiI FILE cRI00080

310 D0 340 lrlrt.lz cRrtjooEl
Do 340 Jrlrrriz GRtDooa2
IF ([(IrJ)) 34013201330 cRr00063
filSSli{G P0INI FLAG.t.0E10 - uR pnLE 0ATA IF 0pT(4t:1 GRI00084

320 IZ(IrJt!1r0110 GRToOOB5
Go To 340 GRrooo66

340
u2(ItJ)zl/'l(ItJ)/u(ltJl CRlD0oA6
C0NT I NUE GR r tr0089Kso GRlooogo

cRr00087

GRt00l29
GRt00t30
cRrDol31
GRr00t32
GRtljo133
GR I00 I 3ll
GRf00135
cRtD0t36
GRrt0137
GRt00t3tt
GRrD0l39
GRt00t{0

xxlr{GRr00t4t
GflID GRTUO142

cRr00t43
GRr00l44
6R I D0 145
cRt00146
qRt00t4r
GRt00t46
cRr00149
cRt00150
GRr00l5t
cRtD0t52

SCAIr r{Z(r ) Foit TIISSING PUINIS -- IF Arry cRrp009t
350 00 360 l:ZrFl cRrO009A

oct 360 J=lrill GRIDO093
Ir (rZ(Ir.J).E0.1.0110, O{J T0 370 GRr00094

300 COt'rTlNUt GR'0O095
Nn PoINls t{tssl{.tc -- PRIPARE FoR UUTPUT cnr00096
G0 T0 400 cRru0o97
SnhE PUIiITS tir jsSlt'lc -- JNCR K By I (F tH L0CAL GRID itoDEL) 0RU)0098

370 K3N+l GhrD0099
IF (0PT(4).E0.1) c0 T0 5e0 GRiljOlOO
D0 390 l:2rti|t 6Fr00101
D0 39!) Js2rtlt 6FrD0tO2IF (tiz(Ir.i)rriE.1.0E10) cu T0 390 GRID0103
I'lISSlf'lG P0INT IrJ -- t ll'tu t(TH L0CAL P0INTS FOR AVERAGT (K.cE.1) 0RID0t04*s1,rt130, GRr00105|rZSUq=o. GRrUOt06
lKl:l-K GRrtJO1o7IK2:I+K cRr0010BJK!E.,-X cRtoologJhz!J+'( cRtDollo
00 360 IK:IKtrtKz GRtuottl
DN 380 JK:JK!,JK2 GRtOOll?
lF(IK.LT.l.0R.Ir.Gr.ilz.0R.JKrLlrt.08rJKrGI.N2)C0r03SO GRr0Olt3
IF (rZ(lKrJXt.L0.t.0L!0) c0 I0 3s0 GRrD0tt4
I T : 1 . / ( f L U A T ( l K - J ) r * 2 i 0 E L y Z r F L t A I ( J t( - !,, ) r r A r D f, L X 2 ) G R r D O I t 5hSUk:wSUr,4+hT CRrDOlt6
ti 7 s u B : l z s u tr,r + r{ T r N 7 ( I h , .J K ) c R r 0 0 I I 73t0 CtlNlIt{UE cRrp6tt6
IF (1rsut{.t0.0. ) G0 T0 390 GRt00119
cnuPu.rf tUcAL AvFRAGT" F0R IZ(rrJ) a*o coilTltlUE fltSSIltc p0lNT ScAN.cRrt]0120

,l{z(I-,J):{lsur'r/Is||}.r cRrD0121390 CoNllilt{t cRilJOl22
FINISHEQ (TH SCAI!'.r.ChECK tf TH€RI AhL SlILI. SOHT POINTS i{ISSING GRt!0123
Gn T0 350 GRr!0124
ALL POI}TT! FNUilD II I{Z(IrJ) - t]R PDLE OAIA IF OP'(4):1 GRlOOI25

4G0 Z|,!ll'r=1,0E30 cRt00t26
Zt AXt-ZNtn cRt00t27
DfTf.RrlINE ZlrlNrZrtAX BIJT tXCL00lxG ALt.
00 410 I=2rhl
D0 410 JrzrNt

FLAGGf0 ilISSIlirG PTS (!.0810)cFrU0l?6

IF ( {Z( I rtJt.L T. ZMIlr. AN0. IZ( l, J).NL. 1. uEl 0) Ziltfl :ytZ( t, J)It ( wZ( lrrj ).GI.ZilAX.At'rD.{Z( L J ).il[. t.0Eto t ?ilAX3r?( L J )
4 10 CfitilT I NUt_

Dtl 415 Irl,l'tP
RtA0(l0r4l2) X(I'!ry(I)rZ(I)

412 FBRf{AT(3t20.4)
X(I)3X(I)/DLLX*XFACT
Y( I )3Y( I )/DEI.YTYFACT

415 CnfiT INUt
}lF I T F ( 6, 4 20 ) 01, T r tl r 1,1 r ll.l I it r Xt1 A X, yr.t I r.t, y r,t A X

4 2 0 f 0 ti M A T ( 9 H I 0 P r i 0 N S r , 4 I L 9 H R 0 N S E l,t E , t 3 , t Z H C tl L U M il S ! N s , I 3 / ,/ Z H
Is,E15.I,7fi Xr,{aX-,Li5.E,zH yilINr,Eti.I,tH y}tAXr,EI5.E//16h
2GFNERATIO...//)

NFoli5E9./YFAcT
lF (\R0IS.Gr. }|) tkl.Jris:il
KEN+1
.JEhRtlHS+ I
1.2
NBLXS!0
TYi,lAX!larYf ACT
IFAXt3. *YFACT
RAt IusFL0AT(Nrtuils)/FL0Ar (il,
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42! ti:ftluo(.t'tt+l ) GRloot53

Tlltl'lliAx'( 3.TYFACT) GRlDol5{

TNAITTIIITNRB||SrYFACT GRl00l55
NttlXs.ilBLx.s+t 

' GRID0156

NpTS!0 GR'D0!57

0O 425 tLatrtjP GRr00t50

tF (Y(tL).LT. Tr.{Irl.0R. Y(IL) rGI. litAX) G8 T0 425 GRlO0159

NPISll.lPTsil 6Rloot6o
xrfnP(NPIS).x(IL) GRlD0t6l
YTEI{P(NPIS'3Y(ILI'IXII{ GRlg0162

zTEttP(NPIstsz(ILt' GRlool63

425 C0T.ITINUE GR!D0164

JITEIJ'I+I GRID0165

JlrlN GR!D0166

kRIrE(2r426) J'trJNrirPrsruPT(2) GRID0167

r.26 FoRxAt(6H'ZDATAirrI3rlHrrt3rlirrl4rlHrrtlrltlr) 0R100168

tF (r'lPts rter 0! 0o I0 430 GRl00l69
O0 430 fK'lrilPTS GR!0017O

IF (OPT(2) rEer 0) tTRITE( llt42ll ITEHP(XK)TYIEHP(KK)eZltNP(KKt 6RI00171

lF (oPr(2) .se. tl tirririf4zil'xrer'eexx)rYrEilP(KK)rzrEllP(KKt 0R100172

427 F0RlrAl(3F14.4t GR!Dol73

e30 c0xrrNuE GRI00!74
t)0 435 tt:IrtJ GRr00l75

tF (0PT(?) rEllr o) NRlll(11re?6) (lZ((K'JJ)'JJs?'l() GRl00l76
IF (oPr(?).Ear t) iiiiiii,izil'tlziKK'JJ"JJ'?'t<t GRtD0l77

a26 F0R|iAI(8F10.!) GR100178

035 CONTINUE CRIDOIT9

JFJ+NRoIs'! cRlD0l60
IBIJ-Z CR100l6l

IF (lJ .LTr o,l+lt) G0 t0 421 GRI0O182

rFITE(5r437) l{BL(SrNR0}lsrXFAClrYFACl GRt00183

437 Fot([aT(361t NUM9ER 0;.8lociS iO Ae iOritoUneO ' t12tla'l 0lV!DEtl lI{T0GRI00184
- t ,ri,rai R0ts IAcH, liil_ i-nois"ovinr-lpprile 0Nf, 8L0cK AND THE rtxlsRI00l85

2l//2r1 SCALE FACI0f, (ISIZE) IS rF5r3 GR!D0186

3 /25X SCALE FAcr0r (YSltE) lS ,F5'31/' GRID0167

IF (0PT(l)rNE.1) GO r0 5Oo sRI00l6€
c pirr,i inio"iiiiiir;i GRIUol8t)

00 450 tsZrttt GRlD0t90

IF=I.I GRl00t91
IRITE (61440) IRr(llZ(lrJ)rJ:2rnt) 6R100192

440 tORllAT (5tl ROt{ rI3l(1PlOEt2.4)) GRID0193

450 CoNTINUE 
" GRt00194

500 tiRlIE (6r5t0t zIIt{rZlAX sRl00t95
5t0 FonhAT (o80zurt'rEii.drrs zl'lrx!,El5.E) CRtt0l96

CILL EXIT GRIDO197

C DATT POIt{T EXAGTLY OT{ GRIO TNIERSECTI!'tI '- fLA6 BY T(tTJ)C-I' GRIOOT9E

5?0 r(IrJ)e'lr 
- GRID0I99

IZ( lrJrtz|( 6RI0o2o0

G0 T0 260 6Rt00201

c 0Pr(3)31 -- LI5r RlNo0r{ 0AIA READ FFUtI taPE (RECoRo AT A Ttr{E) GR100202

530 xRtTE (61540) GRIE0203

540 f0nlrAT (12tltFAilDnil DAfA l/tf 'tLHI.tll\ttHtrl0IrtHZ) 
GRlt,0204

IiRITE(6r550) (x(J)rY(J)rl(J)'J:1'ilF, eRI0o205

550 F0fi|lAl (tx'tP3E12r{) GF100206

Ktt 
'' 6RlD02o7

Kr'RP+I CRIDOzOO

G0 r0 160 0RI00209

590 00 610 la?rNr cnlD0zto
oo 610 J.zrll GRlD021l

IF (rZ(tr.r).IErr.0Et0) CrJ 10 610 GRl002t2

c MlssING Pr -- ust i'ii auulolni Avo ilrHoQ (rl:1r0) " oPT(.'rl GRr002tl
ISUlrr0. gRr002l4
l{ZSUu'o. oRl00?15

INX(!).I GRr00216

JNX(!):J.1 GRlt'0217

tlx(?)sl+l cRtDozto

JNx(zt.J GRID0219

INX(t)rI GR100220

JNx(3)rrt+l GFr00221

INX(4)=I'I GRID0222

Jilx(ir)sJ cRrD0223

Do 600 Lslr4 GRlDo224

IK'INX(L) GRIDO?z5

Jli:J{X(L) GR!D0226

IF (tlZ(IKTJX).E0rt.0E1Ot G0 10 600 G1I00227

NSUIF!{SUII+1. cFlD0226
rZSUr'l'tlZSUr+fZ(IXrrlK) 0Rt00229

2l
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c tri{l I ruL
Ir (r!tJv.La.0. ) ciJ T0
CllrflJIL l Ttj t Pl AVG
{7 ( I r J ) 3 [l S Uh,/ ii5l,M
CnNlllrUti
(i0 Ttl 350
STOP
trtl

6lo
NL AK B0ltNDASy Ur t(N0t$! pTs...c0irTINUE sCAN

610

GR r00230
6Ril)o231
cR r00232
GR l!0233
GRr00234
cH r00?35
GR r 00?36
cR r00237
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APPENDIX IlI: CONTOUR PROGRAM LISTING

23

BEGIN

COIIIIENT CONTOUR PROGRAI.t.

cNTR0001
cNTR0002
CNTR0003
cNtR00o4
cNTR0005
cNlF0006
cNlR0007
cNTR0008
cNlR0009

cNTR001 1

cNTR0012
cNlF001 3
cNTR00!4
cNIR00 I 5
cNlRo0l6
cNIR00l7
cNtR0018

ALL PARAMET€RS IN IHIS BLOCK FOR GLOBAL CONTROL'
Itttt*ttlt*tt*ttttt*t

DEFINE FORI=FOR I.O STEP 1 UNTIL 
"FORJ:FOR 

J'O STEP 1 UNTIL ,,
FILE IN TAPED IGRlODEON 

"OATAN (2I 1OI 2OO)I
REaL LyrLx,LD'CPI, YSlzE, xslZE,SCAL,ADJUsl, A0JUST2,DxrtlYr0€LCv,

M I NCV'I.IAXCV, PR IMC, TYPE'
INTEGER IUAX,JMAX, I,J,JSU8, tSUETNSUETNUIiXTNUIIIY,NCVAL,LABL,ELOCK, CNIROOlO

O R P I s , N O E C , N O R P T T I S t Z E T J S I 2 E , D E L Y , D E L X ,
ARRAY PC0nEI0r l271rDUMt0r0lt
INTEGER ARRAY IJA tO I !9I, SOE tO ! 4]'
EONLEAN ANJST, CARRA'
TORMAT FMIETJ("ERROR END OF JOB'),

F}.IIEN(NNORMAL ENO OF JOB'),
LASEL EBJE, EOJT STARIT OUTIT EOFAI-

Itttitattl*tt**tl*t*t
COMM€NI PLNITER PACKAGE FOR CALCOMP 570 HAS BEEN INSERIED HERE, CN'ROO19

ALL CALLS ARE SIANDARO'
Ittlt*lrtttt*rt*tat*t

gg61.EAN SIREA'.I PROCEOURE COMPR (A, B)'
VALUE 8'
BEGIN

LAEEL TR, OUIT'
SI ' A'
DI 1 L0C B,
IF 8 SC = DC THEN 00 t0 TR,
DI i LNc COMPR,
DS . E LII "ON'
G0 T0 0ull,
TRt DI + LOC COI,IPR,
DS.8 LII r00000001',
OUIII

€ND'
f, ttalt**t**ttttatttit

FILL lJAf*l wITH 0rlr0r0r0rOtltltltOrOtOr0rltOrlrLtOtlrll
FILL SDE l.l {lIH 0t 2t lr !o Ol
START 

'COMMENT GEiIERAL MAP INPU' S€GMENI'
l*lt*lttltti*ta*ttlrl

BECIN
REAL IiITVAL'
LABEL SIARI, EOFE, OUtI'

COMMEI.IT REAO IN GENERAL CONTROL PARAMETERS'
STARTT READ (CR TNO], /I IIPEJ lF.OJI'
IF NTIl cOMPR {'YPE, nMAPff) TTEN
BECIN

RTAD (CR)'
GO TO START

END'
R€AD(CRr/rTYP€,JSIZETtSIZETNUpYTIUf4XTYSIZf,XSIZE,INTVAL'JSUBT CNln0052

ISUB' AOJUST, AOJUS12,NSUE,OELYTDELX)I
IF ADJUSI:0 THEN ADJST + IRUE ELSE ADJST + FALSti
IF INTVAL = O THfN TNTVAL + O.O5'
lF NIiMX 3 0 AND NUIY.0 THEN
BEGIN

NUMX+XSIZE/INTVAL'
NUMY'Y5]ZIltN'VAL'

tN0,
!F NI.]MX. O THEN NUMX c 1 ELSE IF NUMY: O THEN NUMY + 1,
IF JSUR: O THEN JSUB i 64'
IF ISUB:0 THEN ISUB.64,
0x + 1 / NU|{X,
DYAl/NUMY'

COMMENI READ CONTNUR SPECIFICATTNN CARD'
REA0 (CR IN0]r /r fYPE, tE0FEl,
lF N0l C0MPR (lYPE, 'C0NTR') THEN
BEGIN

I{RITE(LP,<'CANNOI FIND CONIR CARDi>)'
Gn 10 EOJ€

END'
R E A O ( C R , / , I Y P E , D E L C V , M t N C V , $ A X C V T P R T u C T N C V A L , L A B L , C P I , N D E C , C N 1 R O O 7 3

SCALTNORPT)'
tF NCVAL * O TIiEN NCVAL + NCVAL. lT
TF DELCV E O THEN CARRA + IRUE ELSE CARRA + FALSE'

cNlR0020
cNTR0021
cNtR0022
cNTR00?3
cNTR0024
cNlR0025
cNTR0025
cNTR0027
cNtR0026
cNTR0029
cNTR0030
cNTR003t
cNlR0032
cNTR0033
cN1R0034
cNTR0035
cNTR0036
cNTRo037
cNIR0036
cNtR0039
cNTR0040
cNlR004t
cNlR0042
cNrR0043
cNtR0044
CNTR0045
cNTR0046
cNIR0047
cNlR0048
cNTR0o49
cNIR0050
cNTR005 t

cNTR0053
cNlR0054
cNTR0055
cNTR0056
cNrR0057
cNTF0058
cNTR0059
cNTR0050
cNTR0061
cNTR0062
CNTR00153
cNTR0064
cNTR0065
CNlR0066
cNlR0067
cNTR0068
cNTR0069
cNlR0070
cNTR0071
cNTR0072

cNtR0074
cNTR0075
cNTR0076
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T INITIALIZE PLOTTER IAPE
PL0T (0,0, - 5)'
IFCPI>OTHEN
BEGIN

Lxr0€LCvxxslzE,
Lyo0ELCVxySlZe,
LD. S0RT (XSIZE.2 + ySIZ€ * 2) x DELCV,

ENO'
IF CPI > O THEN FORI 127 DO PcODE TI]
G0 t0 oUIL
EOFEI 1P1791|."<'TRYING TO REAO CONTR

nCARDS IN FILE'>),
GO TO EOJE'

COI.IIIENT COMPLETED INPUI OF GENERAL },IAP PARAI.IETERS'
OUIII

END'
Ittl*rrrr*rttrtttatt*

C0tiMENI READING tN SUE.ELOCKS AND C0NtR0L,
I t t lt * t t i r I t t t I t t t t i t

BEGIN
c0rlMENt sTART 0F sUB-8L0CK 2.

OLTT OLGT LATMAXDT LATI,IAXM' LATMJNO' LAII'iINI.'I, LONGMAXDT
L0NortlAxg' L0NG0lN0' L0NC{lNM),
}{HILE FALSE DO

EEGIN
EOFKI XRIIE(LPr<TCANNOI FII.iT' LAT CAROi>)'
GO IO EOJE'

END'
NSUBIiISUB.l'
FOR 9LNCX O O SIEP I UNTIL NSUS r'O
BTGIN
I AOVANCE PLOTIER AND sET UP NE|i| SLOC( ilUMB€R

IF BL0C( > 0 IHEN pL0r (XSIZE x IIAX + 6r 0r - 3)t
lF BL0CK = I THEI pL0T (5,0r - 5)f

COI,II.IENT Z DATA INPUI ANO CVALA INPUT BLOCKT
Ittitrrt***rttrrtartt

BEGIN
REAL ArB,0RXr0Ryr0RZrDG,
lNlEcER Nr ZFILET K, J08,
ARRAY AA TO ! JSUE . 1r'
FORMAT FMTOT (8 FIO.4),
FORIAT FMT06 (3 FT4 . 4)'
LAB€L EOFA,OUITTEOFETEOFTONCETT{EXTTNAXTTFlNLG'FXT' CNTRO144

LG0r E0FC I
BOOLEAN ONC,MAXLAT,I,IINLAT'
O}IN BOOLEAN 8OX'
DEFINE P5 r 0.5 t,

It**trtrtttttrtt*rttr
STREAil PROcEDURE RESETT (A),
BEGIN

0I + 11
4 (32 (Ds o 32 LIt i0n),

ENO'
I t a t *t * a l I t t I t t I t r i j t

+ 0f

CARO, BUT NO IIORE i

cNlR0077
cNTR0078
cNtR0079
cNrR0080
cNTR0081
cNlR0082
cl'1tR0083
cNlR0084
c{rR0085
cNlR0086
cNIR0087
cNTR0088
cNIR0089
cNTR009o
cNTR0091
cNlR0092
cNtR0093
cNrRoo94
cNTR0095
cNTR0096
cNlR0097

THtS IS TTERAIIVE REAOING OF GRIO SUE.SECIIONS AND CONIOURING. CNTROOgs
DYNAMIC ARRAYS ALSI} REOUTRE SUE.BLOCKINO' cNtR0099

ARRAY ZTOIJSUB,OTISUB:,CVALA(OINgVALITCOOETOt5IIIrDUMTOI5I! CNTRoIoO
IiiTEGER ARRAY JAr JBr tAr IB IO I 4I' fi,fiR0101
INTEGER BLOCKTPOINTST3VP'NTIilE'FD'FilTLGt'IINDTLGMTNiITLGIIIAXI T CNIROlO2

LGMAXD,PTSGEN' cNtR0t03
BOOLEAN PRI},IF' CNTROIOA
REAL Z{AX.ZI.IIN,CVAL,ENDCV,TEilP,LI}IN,LTI.IX,ZLTD,ZLTM,ZLGO,ZLGM, CNTROlO5

t"IAXLI0,MAXLTI'l.lA)(LGDTIIAXLGtI,DLTT0LGTLASTTHGTTLLTSDTLASTATCNTR0l06
Dtr0ltF,0e,Ky, cNTR0l07

0r{t'l REAL lMlN,LGln,LGr{Xt CNfRotoB
O}lN TNIEGER LAIMAXM,LATI.ITNII,LONC{AX}.I,LONCI,IJIIM,LTI.IINM,LTMINO, CNTROlOg

L A T M A X D i L A 

' 
I'I I N O , L O N C { A X O , L O N G I,I I N D 

' 
C N I R O 1 t O

LAEEL EOFK, SK IPCON' CNTRO1 1 I
llrrl rrrr r r r *tr r rr *rr C NlRol 1A

REAL PR0CE0URE AJUST (7), CNTRO1I3
REAL Z' CNTROI t 4EEGIN cNlR0tt5

IF ABS (2. CVAL' J ADJUST THEN AJUST + Z + AOJUST2 ELSE CNIROTl6
AJUSI + z

ENO'
tlt*trrit*tttt*t*t*lt

READ (CR lN0t, /, TYPEt,
IF NOT CO[PR (lYPEr iLATi) THEN GO TO EOFK ELSE RTAD (CRr /I CNTROI'1
IYPE, ZLTO, TLTMT ZLODr ZLGIIT MAXLTDT I.IAXLTtii, MAXLGO, I,IAXLGI.IT CNrROl22

cNTR0t17
cNTRolt8
cNlR0ll9
cNlR0120

cNTR0123
cNTR0t24
cNTR0t25
cNlR0t26
cNTR0127
cNTR0120
cNTR0t29
cNTR0t30
cNlR0!31
cNtR0t 32
cxTRol 33
cNTR01 34
cNrR0 1 35
cNtR0l 36
cNtR0t37
cNlR0t38
cNrR0l 39
cNTR0140
cNlRo I 4 I
cNrR0 1 42
fi'ITR014 3

cNIR014s
cNTR0146
cNTR0147
cNTR0146
cNlR0!49
cNTRot50
cNIR0151
cNlR0152
cNtR0t53
cNIR0t54
cNTR0155
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COMMENT READ tN CONTOUR LISI r tF TTECESSARV' CNTROI56
IF CARRA ANn 8L0CK e 0 THEN READ (cR, /, F0RI NCVAL cNTR0157
D0 cvALA [t'tt tEoFAl, CNTR0150

Cg{1'eNf Z 0AlA tNpU, SECltgN, CNTR0159
READ (CR TNNI' /, TYPE) IEOFEI, CNTRO16O
IF NoT CofipR (rypE,,ZnATAi) THEN CNrR0l6t
BECTN cNTR0t62

NRtfE(Lp,<nCANN0T FIND ZtlaTA CARDn>), cNrR0l53
G0 T0 EnJE' cNlR0164

ENo' cNTR0t65
REAO (CRT /T IIPET JI'IAX' IMAX, ORPTST ZFILE)J CNIROI66
IIIAX t It'tAX. t, CNTR0167
JMAX A JXAX . I' CNTROI56

COMMENT DRAti LINES 15 INCHES LONG AI THE EOG€S ON TOP E BOTTOM OF CNTRO159

BLOCKS FOR MATCHING S.ETIOiISJ CNTRO1TO

IF ELOCK < NSUS IHEN CNTRO171

BEGIN CNTR0172
S Y x I O L ( 0 . 0 , Y S I Z E x ( J M A X ' 1 ) , . 6 , 0 U M , 9 0 , - I ) , C N T R 0 I 7 3

S Y lr I 0 L ( x S t Z E x ( I M A r + t ) I . 2 5 ' Y S I Z E x ( J M A x ' I ) , . 6 , C N T R 0 I 7 4

DUM,9O,-g)t CNTR0175
EN0, cNlR0t76
tF BLOCK > O THEN CNIRO177
BEGIN CNTR0178

sYMBOL (0.0, YSIZET .6r 0uHr 90r - 0)t cNlR0t79
SYM80L(xSIZExt IMAxrt )+.25rYSIZEr r6r0lJMr90r'8), CNlR0l80

EN0' cNtRol8t
COMUENI LABEL EACH BLOCK OF THE {AP' CNTRO182

DUIf tol . .BLoCK ', CNTR0!83
SYM80L (0, 9.5, .15, p11111 Qr 6)l cNlR0164
NU|,{UER ( r5r 9r5r o l5r BL0CKT 0r 0)f CNIR0185

COMMENI REAO IN AND PLOT ORTGINAL POINTS' CNTROIs6
REAO THROUGH POINTS IF LABL 32 ' 

CNIRO187
ORAI A + FOR EACH POTNI TTTHOUT LAtsELING iF LABL 

' 
1 OR 2 CNTRO188

LABEL poINrS IF LABL ! 1 , CNIR0189
FOR K A I SIEP 1 UNIIL OXPTS DO CNIROI9O
BEGIN cNtR0l91

lF ZFILE ! 1 rHEN READ (CRr F.f{T06r 0Rxr 0RYr CNTR0192
0RZ) EisE READ (IaPED, FMT06r 0RXr 0RY, 0RZ), CNTR0193
TF LABI. ll 2 THEN CNTROIgA

EEGIN CNIR0195
SyMB0L (0RX, 0RYr .05r 0ul'lr 0r' 13)l Cl'1tR0196
tF LABL S I 1HEN CNTRO197

BTGIN CNTRO198
DG c 0, CNTR0199
FtlR N G 1 STEP I l{HILE DG:0 D0 lF CNTR0200
eNTIER (A8S (ORZ) / 10 i N) ! 0 THEN CNlR0201
0G e N' cNlR0202
IF ORZ < O TIIEN DG + DG + I' CNTRO2O3

Dc+-.1x(4-0G), CNIR0204
N U M I E R ( 0 R X + D G , U R Y r r 1 r 0 R Z r 0 r I ) , C N I F 0 2 0 5

ENo, CNTR0?06
END, CNTR0207

END' CNTR0208
COMIIENT LABEL LONGITUOE ON TOP AND BOTTOM OF I{AP' CNTRO2O9

lF BLoCK : 0 0R BLoC( r NSUB THEN CNtR02l0
BEcIh CNTR021 I

IF BLOCK = O ANO NSUB I O THEN CNTRO212

BEGIN cNTR02t3
HGt . 0, CNTR0214
ONC ' TRUE' CNTRO2I5
G6 I0 oNCE, CNrR0Zt6

END ELSE IF NSUE * O TIIEN CNlRO2t7
BEGIN CiltR02t6

HGI ' 
(JMAX) X YSIZE' CNTRO2I9

oNc . TRU[' CNTF0220
G0 t0 oNc€, CNTR0221

END EL.T II NSUB:N THEN FOR TIOT+O,JMAXXYSIZE DOCNTRO222
ONCEI BEGIN CNIRO223

FOR LL'DLG STEP OLG UNTIL 60 DO CNTRO224

fF ZLGu/LLS1 THEN CNTR0225
BIG I N CNTRO226

LCM INf.t + LL, CNIR0227
LcMtN0 + ZLCD, CNTR0228
DIFF. TLGM - LotrtNr,4' CNTR0229
IF LGi.IINI,I I60 IHEN CNTRO23O

EEGIN CNTR0231

LcMIilo + ZLGD + 1' CNTR0232
LGMINT,I + LCMINM - 60, CNTR0233

END' CNTR0234
GO TO NEXT' CNTRO235

END' cNlR0236

25



26 VrncrNrl DrvrsIoN or Mrr.lpner, RnsouncBs

Cof,lri{ENI l477r8rx€tERS/r.{INUtE 0F L0NGIIUog FoR CENIRAL VIRGTN[A, cdttROz!7NEXTr otrFrolFFx1477.E/0ELXxxSIzE, cNTRO238
fOR LL + DLG STEP DLG UNTIL 60 OO IF CNTRO239
ENYIER (I,IAXLG}.I) / LL ! I THEN CNIROz4O
BEGIN CNTRO241

Lcl.{AX},t f LL, CNIRO242
LGltAX0 + f,lAXLGo, CNTRO243
IF LGf.tAXr{:60 IHEN CNIRO244
BEGIN CNTRO245

LcMAXr,t r 0J cilTR0246
LG{AXO . LGilAXD . 1' CNTRO247

ENO, CNTRg2ad
GO IO NAXT' CNTRO?49

Eit0, 6NTR0250

'{AXtr NtIME+(LGilIND-LGr.iAx0)x60,/0LGr(Lci4Iilf,t- cNTRO2St

c0r.,ruENr t4zz.6!uElERs/i,{TNUTE 0F L0*GrfffltiJ(DfEir*0r- vrRGrNrA, 3lli8il3
0G t oLG x L477.8 / oELx x XSIZE, CNTR0254I IICX MARI(S FOR LONGTIUDE SCALE CNTRO255
FOR ]LL . O STEP I UNTIL NTII,{€ DO SYMBOL ( CNTRO256
0lFF r LL x DGr HGTr .lr oultr 0r - 8)J cNTRo257t 0RA}{ L0NGIiU0E SCALE LIftE CNTR0?58
PLoT ((ll.lAx) x xsIzE, HGL 3), cNrRo259
PLST (OIFF, HGT, 2)' CNTRO26O
IT HGT = (JMAX) X YSIZE IHEN NGT ' HGI r CNIRO261
.15 ELSE HoI c ftGT - .15' ciltR0262
FO + LGMINO' CNTRO263
FM ' LGilItIil' CNTRO254
FOR LL 4 O SIEP I UNIIL NIIME OO CNTRO265
BEGIN CNTRO266

lF Fl,t: - DLG THEN CNTR0267
EEGIN CNTRO268

FM ' 60 ' DLG' CNTRO269
FD + FD . t, CNTRO2TO

END' cNtR0271
lF FD: L0NGilAX0 Ail0 Fti 3 L0NcMAXr,,t CNIR0272
TXEN LGMX + OIFF T LL X OG ELSE IF CNTRO273
FO: LONGMINO AND FI.I 3 LONGIIIN}tt THEN CNTRO274
LGI.IN c DIFF + LL x DG, cNIRo275I LABEL LONGI'UOE SCALE CNTRO276t DEGREES cNlRoztl
NUf.lEER(DIFF+LLxDG-rSrHGTr r l2rFDr0r 0)f CNTF0278| 0IGREE SYr.tB0L CNIRO279
SYI'lB0L (0IFF + LL x DG - .1, HCT + CNTR02BO
.08r.0tr ourir 0, - 5), CNTR028!c illNuTEs cNTRo2Bz
N U r,t B E R ( 0 I F F I L L x D G - . 4 r il G I r r I ? , F M , 0 

' 
0 ) 

' 
C N T R 0 2 8 3I MINUIE SYMBOL CNTRO2S4

SYI.IEOL (DIFF + LL X DG + .38 HGT + CN1RO285
,08t toft oUilr 0r - 8)l CNTR02a6
lF Ff, S LGUAxtl AND F0 : LGl,{AxD THtN CNTRO287
G0 I0 100, CNTRO288
F|,|. Frrt - 016' cr,tTRo28g

END, cNlR0290
LGO' IF ONC THEN 60 TO FINLG' CNTRO291ENO.' CNTRO292FINLGT cNrRo293

END', CNTR0294
COI{I.{ENT LAEEL LAITIUDE ON BOTH STDES OF ALL BLOCKS, CNTRO295

FoR S0 + (IitAX) x XSIZE, O U0 CNIR0A96' BEGIN CNfRO2ez
COI{I{ENT FINO MINTMUM LATITUOE LOCAIION' CNTRO298

MINLAI . |,lAXLAf + FALSE, CNIR0299
IF ELOCK : O IHEN CNIRO3OOBEGIN cNTRo3ol

FOR LL O DLT SIEP OLT UNTIL 60 OO tF CNTRO3O2
E{IIER (ZLTI,I) / LL 5 I THEN CNTRO3O3
BEGIN cN]Ro3O4

LTIIINM e LL + DLT, CNIRO305
LIIltN0 + ZLTD, CNTR03o6
OIFF a LTIINM . ZLTI.I, CNTRo3OT
IF LIIIINI.I } 60 THEN CNTRO3OE
tsEGIN CNTRO3OS

LTI'INil 1 LTiIINM . 60' CNTRO3lO
LTMINO ' LTMIND + I' CNrRO3ll

END' cNTRo3l2
G0 lO FxT, CNTRo3ti

END, CNTRo3l4
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1849.8:MEIERS/t.IINUTE OF LAIITUOE FOR C€NIRAL VTRGINIA' CtITRO3l5
FXTt DIFF + OIFF X I649.8 / DELY X YSIZE' CN'R0316
Tr,ltN + oIFF' CNTR0317

END, CNTRO3I6
r649.8aI'I6IEx5TI.IINUTEOTLATITUDEfORCENTRALVIRGINIA, CNTRO3l9

DT + g;1 i 184918 / 0ELY x YSIZE' cNlR0320
! DRAI{ LATTTUDE SCALT LINE CNTRO321

PLoT (s0, O, 3)' cNrR0322
PL0T (sD, YSIZE x (Ji{Ax)r 2)f cNlR0323
IF lr{tit . oI > 0 lH€N CNTR0324
BEGIN cNrR0325

l[tN . TilIN - oTt CNIR0326
Ltr{ltlf,. LTtlrNr.{ - DLT, C}11R0327
IF LTI,IINTI < O TiI€N CNIRO32O
BEGIN CN'R0329

LIMINO + LTMINo ' 1, CNTR0330
LlMINit e LTMINT.I r 60, CNTR0331

END' cxTR0332
€N0, CNTR0333
NltilE + 0f CNTR0334
FOR LL. TMIN SIEP DT UNTIL YSIZ€ T (JI{AX) OO CNIRO335
BEctN CNTR0336

r ORAN TICK I'IARKS ON LA'IIUOE SCALE CNTRO337

SY{80L (SDr LLr .1r 0UMr 90r ' E)l CNTR0338
NIIME + Nlll'lt r l, cillR0339
LASTA + LL, ciltR0340

ENo' CNTR0341

Fr,t + 1-1911*' CNTR0342
F0 a LrillND, cNlR0343
tF sD E 0 rHEN SD +'1.2 ELSE S0 + s0 + '1i .ctiTRo344
FoR LL. O STEP r U{IIL NTIME - t D0 CI',1TR0345

SEGIN cNlRo346
IF F0 = LAtl'ltND AN0 FM 3 LATillNll THEN CNTR0347
BE6IN CNTR0348

MlilLAt . TRUE, CNIR0349
LIMN f 

'MIN 
+ DT X LL, CNTRO3SO

ENt), cNTR035l
lF FD : LATMAXU AN0 FM ! LATMAXt"I THEN CNTR0352
EEGIN CNTRO353

MAXLAT o TRUtt CNIR0354
LIMX c 

'MIN 
+ 0l x LL, CNTR0355

END' cNtR0356
r LA8€L LATTTUDE SCALE CNIiO357
c o€GREES cNrR03t6

NtJiIBER ( SD, Til I N+DTxLL' .06' . 1 2r F D r 0r 0 ) J CNTR0 359

c oECREE SYMB0L Ci'1TR0360

SYMB0L( SD+.7, Tt'lINr0lxLL+'08' r0TrDUllr0r-!) | CNTR036l

27

c 0r,ritENT

c 0r.{irE Nl

I MINU1ES _ CNTR0362
il U M B E R ( S D + . 4 , T M I il + 0 I x L L ' . 0 6 , c | 2 t f t1 t O t O ) | C N I R 0 3 6 3

ilINUr€ SYM8oL cl'lTRo3{t4
syrtBOL (S0 + lrtr IMIN i DT x LL + .08, CNIR03!t5

.07r oUMr 0r - 8)J Ct'lTR03ll6
Fil e FM + 0Ll, cNlR0367
IF FI.I:60 THEN CN'R0368
EtGtN CNTR0369

Ftit. FM - 60, cilTR0370
FD G F0 + It cNlR0371

ENo' cNTn0372
END' cNtR0373
LASI . YSTZE x JilAX - LASIA' cNrR03t4

EN0, CNTR0375

LI{IN}.{ + FMt cNrl0376
LTMttlo . FD, CNIR0377

TXINcDT.LAST+zxxslzg, cl{1R0378
rF SIOCK:NSUi ANO LTi'IXrO THEN ENTRO379

BEctN ctllRo38o
LTMXaYS|ZEXJ|iAX' cNlR0361
T,|AXLAT+TRUEI c{TP0382

EXo' CNTR0383
DRATI INNER 8OX CN'R0384

IF MAXLAI AND MINLAT THEN CNTR0385
8€CIN cNtR0386

PLOT (LGilN, LlilNr 3)l cNTRo387
plgf (I.NN, L14Xr 2)r CNIR03B8
PL0T (LGllX, LIMXr l)! CNIR0389
PLOI (LGMX, LTMNT I)I CNTRO3gO

PLoT (Lof|f,t, Lll.lNr l)l cNTR039l
ENO €LST IF MINLAT AND NOT I'IAXLAI THEN CI'ITRO3gz
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EEGIN CNTRO393
PLoT (LGi,tNr 91 3), Cil1R0394
PLoT (Lcr,rNr LTMN, 2)l Cr.lTR0395
PLOT (Lcr.tx, LlitNr l), CNTR0396
PLoT (Lcr4x, 9, 1) t CilTR0397
80X + IRUE' CNIR0398

ENO ELSE IF {AXLAT AND NOT 14II{LAT THEN CiIIFO399
BEGIN CNTRO4OO

PLOI (LGMN, O, 3)' CNTRO4O1
PLOI (LGMN, LIIIXT 2)I CNTRO4Oz
PLol (Lcirx, LTMXr l)f CNTR0403
PLoT (LG{x, 0, l)' CNiR0404
80X c FALSE, CNTR0405

€ND ELSE IF BOX THEN CiI'RO4O6
BEGIN CNTRO4OT

PLOT (LGMN, 9, 3) 
' 

CNTRO4O6
PLOT (LGNN, O' 2)' CNTRO Og
PloI (Lcrirxr 91 3)r CNlF04t0
PLoT (Lcltxr 0r 2), CNIR0411

E(0r ci[R0412
Irtrtrrrtrrrr*r*rtirt CNIR041 3

coMl4€Nt sEt uP li,rEx PARar,4ErERs, cNlR04t4
J C 1' CNTRO4I'
JA t0! + JB t0l c JA t2l. JA t3l + IA t1l + IA t2l CNTR04l6
+ lB t21 a tA (41 + lA tot + J, cNlR0417
J A ( I I . J B t 1 t c J I t 2 I ( J B t 3 t + J I ( 4 I + J il A X r J - t 

' 
C N T R 0 4 r E

I B t 0 I c I B t 1 I + I A t 3 I . I I t 3 I + I I ( 4 I o I M A X - J - L C N T R 0 4 t 9
JAtql.Jrl, CNTR0420

c0r'!MEt'lT REao lil z iRRAY, CNIR0421
N + IMAX + t, CNIR0422
FORJ JMAX DO IF ZFILEsI THEN CNTRO423
READ(CR,FMToT,FORI IMAX OO ITJ,I])TEOFC] ELSE CNTRO424
R€AD(TAPED,Flal0TrF0RI Ir..lAX D0 ZtJrll)tt0FClf CNTF0425
zMAx e zMlN . z tJA iot, IA (olJ' CNTR0426
N c J8 t4I + !' CNIF0427
K . I8 [4! . 1, CilTR0426
F0R J. JA r0l sTEP 1 t,NTlL N 00 F0R I + lA (01 CNtR0429
STEP 1 Ui'IItL K OO IF I IJI I) < ZMIN THEN ZMIN + Z TCNTRO43O
Jr Il ELSE ll 7 tJr Il > ZMAx IHEN ZMAx a 2 tJr Il, CNTR0431

COI.II.IENI DETER}IIIIE AOJUST, IF NOl SPECIFIED, CNIRO432
JF AOJSI THFN CiI'R0433
EEGIN CNIR0434

A + A8s (zMAX)' CNTR0435
8 c ABs (ZMIN)' CilTR0436
IFA<BTHENA'B' C}'IIRO437
I + 0.4343 x LN (a)' CNIR0438
ADJUST . 10 t (I - 9), CNIR0439
A0JUSI2 + AoJUSI x P5 CNIR0440

EilD ELST IF AOJUSTz = O THEN ADJUSIz + ADJUSI X P5, CNTRO44T
IF CARRA THFN CVP + O ELSE CiIIROA42
tsEG tN CNIR0443

IF ZMTN > MINCV THEN A + Z},IIN ELS€ A + }IINCV' CNIRO444
C v A L + € N I I € R ( A B S ( A ,/ 0 E L C v ) ) x 0 E L C V x S I G l,l ( A ) , C il I R 0 e O 5
IF ABS (CVAL - A) t 0 Ar,lD ABS (CVAL - A' < CitTR0446
AoJUST lHEti CVAL + CVAL + oELCV, CNIR0447
Ir zMAX<f.rAXCV tHEN EN0CV.Zl,rAX ELSE Efl0CVailAXCV Cl'11R0448

EilD, CNTRO449
€oFr RESEIT (CnDE tol)r CNIRO450
G0 I0 0UITI C[TR0{51
EOFES TRiIE(LPI<iIRYING IO READ ZDAIA CARD' BUT NO iCN'R0452

"IiORE CARDS IN FILET>), CNTRO453
G0 r0 E0JE' CNTR0454
EOFAs !RITE(LP,<'IRYII.I4 IO KEAO IN CONTOUR LEVELS, NCNTRO455

iEUT NO MORE CARDS IN FILEN>)' CNTRO456
G0 l0 E0JE' c{rR0457
EOFCT TRI €(LP,<iEND.l T.I'ILE OCCURREO *IIILE RIADINC'CNIRO458

n GRIDi>), CNIR0459
G0 T0 EoJE, CNtRo4rto

COTII4ENT EilD OF Z OATA TIPUI BLOCK' CNIRO46T
outlt cNtR046?

€ilD, cNfRo45!
Itrttar.rtrt.r*r.rrrr CNTF0464

FrrRl 127 oo PcooE ttt o o, cNtRo465
tF CPI > olHEr'r cNrR0466
tsEGIt'l CirTR0467

INIEGER lr Jr ltr Jlr J02l CNIR0468
LABEL POLEI', ENDLOOP, CNIRO469

T SE'S PCODE TO SUPPRESS SECONDARY COI'IIOURS IN HICH GRAOIENT BLOCKS CI{IRO47O
ltr**rrr*rtrr.rrrt.rr CNIR0471
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STREAf'{ PROCEOURE SETP (A' 8)' CNIR0472

valuE B' oNTR0473

BEG lN CNIR0474
0I + 11 cNlR0475
sKtP I D8' CNIR0476
DS a Sgt CNIR0477

EitD, CNTR0478

trrrrttr*rirt*rt*rrtt CNTR0479

t; NolE J aito I REVERSE0 inOt tnnrlt lr,toExrNG c0NvE[rI0N cNIR0480
FoR I ' JA tot STEP 1 uNftL JB t41 00 CNIR0481

BEGIN CNTR0482

Ilotrl, CNiR0483
JcZ+lxZl CNTR0484

ioi,t i tA [o] slgp I UNTIL tB tol 00 cNTR0485

BEGTN CNTR0486

Jl + J + 1, ct'1TR0487

ii rsi cti tt, J! ' Z tllr Jl) / Lx) > cNrR0486
CPt THEN GO IO POLEIT' CNIRO489
ii-lei ((t tL Jll'z rll' Jll) / Lx) > cNrR04e0
iit rxrl eo ro Poletrl cNrRo4el
iF'ABs ((z tt, Jl ' z ttr Jll) / Lr) > cNTR0492

iir rner co ro PoLEll, cNrRo493
ti les ttz trt, Jl'Z tllr Jl!) / Lr, > cNTR04e4

ipt rxet C0 l0 P0LEII, CNTR0495

ir ISS ((Z tI, Jt'Z tllr J1!) / LDt > CNTR0496

CPt THEN GO TO POLETT' CNIRO497

tF A8S ((Z et' Jll'Z lltr Jl) / L0) > CNTR0496

iit rner Go ro PoLEtT, cNlRo499
CO-1O txOtOO"l CNIR0500
piiletrr sETP (PcooE tJoZlr t)f cNTR0501

ENDLOoP r cNrR0502
END CNIRO5O3

END, CNTRO5OA

El'lD' cNlRo5o5
tt*arrrtrtrrtt*trrrrt CNTR0506

cot.i|lEt.llIIERAIIVECoN]RoLFoREACHc0ilr0uRvALUt,CNTR0507'- Pirii + IRUE, CNTRosoo

lltu: tcniil'AND cVP3NcvAL) 0R (N0l cARRA AN0 cvALSEN0Cv cNIR0509
Alto-tcvll=etocv or'lastEHocv'cvAL)>ADJusT)) 00 cNTR05l0

BEGTN CNTRO51I

IF CARRA THEN Ct{TR05l2

EEGIN cN1R0513

CVAL G CVALA |CVP t, CNIR0514

ir ivlliz,'rir on cvlt-tzulx THEN 00 T0 sKlPc0t{ cNTR05l5
END EiSE TF.PRIiC > O YHEN CNIRO515

BEGrN CNIF0517

TEr,rP r A8S (CVAL / PRIMC)' cNrR0516
ier.rp. ir,rrI:n (aBs (ENTIER (TEt'lP r 0.0005)' cNTR0519

TEMp) x 1000)t CNIR0520

iT TET.Ti"O THEN PRTrT+IRUE ELSE PRTIIF+FALSE CNTRO521

ENo' cNtR0522

COIII{ENT CONIOUR TRACiNG AND DRATTNC SUB'BLOCKI LEVEL 3' CNTRO523

tr..lrtrrr*tltr*trtr* CNIR0524

EEGIN clnR0525

COI,II,,I€NT PARAMETER OESCRIPTTONS. CNTRO526-- - Zt,Jr-cRin vALUEs. CNIR0527

iorjor ciio BLoc( tNoIcEs. t'11R0526

stDEr (so r0 3t etiii-sioi 0F coNrouRt cNrR0529
slDEez cNlRo53o

ZtJo+trlal+ ztJ0;!;toftt+ 0'llR053l
sloErr StnE=3 CNTR0532

ztJo.Iol+ zlJorto+tl + cNtRo533
stDEc0 cNtR0534

scRtot ('lRug) srlni oi iontoun scrtt CNTR0535

iviii cuanerr coNTouR vALUE. cNtR0536

ct,i..rttt ARRAY or i'v poilis DEFI{ING c0NrouR LtNE' cNrR0537
iotHrsr NUr,tEER 0i piitrlrs-iH ct'cl. potNTS T0 NExr ELE|.tENT cNTR0538

l0 8E FILLEDT cNlRo539

{urrxriltrilYi Iur.rsEn-6r sua.GRt0 gL0cKs }|HEN INTERPgLATING IN X & YCNTR0540

oxi sug-onto x ttcneugrui (:t/i'tur,tx) cllrR0541
ovr iup'cito v rliner'rir'ri t=izxurvl t cNlR0s42

iOOf-iln TERil,FIERMTTRMTSGRtDf CNlR0543
lreEi iusito, REcAsE, cNTRo544

lnilv rrorrtrcJ,ctt0tt022!, clllR0545
iHi:cei- ro,.lo,ioe,looEr.ts, tsrssr sIDEr I 1r l2rJtr cNlR0545

JzrcOrli,sLr.lcZ t ctltR0547
oertt: zi r ll ttl rr cNlR05t8
z2 E r{ IOI t' cNtR0549
23 ! I l2l t, CNIR0550

z4 ' I t3l t, cNlR0551

29
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Ittttttttttartttr.a*r
PROCEDURE PLOTII'
EEGIN

INt€0ER ltKrf;?l tPl r Il,lINrJltlINl
RE A L YI,I I N, DC I, DC J r M I N I r I{A X I r I,i t N J, }I A X J'
LABEL NOLA8LE,L88l,LB8'

I t r tl t* t t it t t I t t t. t r t
PR0CEDURE LAsLE (CpT, ptr LBBl)J
INTEGER CPTr PTI
LABEL L88I'
8TGIil

LBI I

LABEL LBrLBlrLE2,
REAL OIF,THETATSPILSPECJPTJ
EOOLEAN CHK'
IiITEGER DIGI', I'
DIGIT. O'
CHK q FALSE,
FOR J t 1 STEP 1 I{HIL€ OTCIT A O OO
lF Er'IIIER (A8S (CVAL) / 10 * I) ' O
IHENOIeITTI+1,
IF CVAL < O TXEN DIGIT 1 OIGIT I 1,
lF DIGIT<6 THEN LSto15-p1cIt)/10,
IF NDEC>O THTN DIGIT+OtGIT+NOEC+t'
sP . 0IeIT x .l'
FOR IOI STEP 

' 
NHILE OIF3SP OO

EECIN
tF cPt+t>1022 tHEN G0 I0 L8t'
0IF+ABS(Cl tCpI J-CI tCPl+I t ),
PT T I'

EI.I D 

'PTOCPTTPT'
lF ABS (CJ tCPTl. CJ IPTI) >.3
THEN 60 TO L81'
IHETA. O,
IF PT>POII{IS IHEN
B€GIN

olF . 0,
FOR I+1 ST€P 1 NHTLE OtF3.3 DO
EEclr{

IF CPT + | 2 1022 THEI c0
r0 182,
0lF o ABS (CJ tCPIr - CJ I
CPI + It,'
Pf r It

END'
PTACPI+PT'
IF PI>POII{TS THEN
BEGIN

IF CHK THEN GO TO LBBl'
CPT. T'
DIF. O'
CH( f TRUE'
G0 t0 L8'

Etlo t
IF CJ ICPTI > CJ tPI] IHgN CJPT
A CJ tPI' ELSE CJPT A CJ ICPI"

END ELSf CJPT.(CJTCPT'+CJTPI I' /2'
IF Ct TCPII < CI !PTI THEN NUI.,IBER (
Cl ICPll - lSPr CJPTr ol0r CVALr
tH€rAr toEC) gtSE tiUMsEi (CI tPTl -
LSPr CJPTr rlOr CVALr IHETAT NDEC)I

L82 I

I LAsEL CONIOUR LEVET

EN D,
l a a l t t t a a l t t a r * t ar a t t

PR0cE0uRE r,ilNt{Ax (ARR, t{plr MlNr l,1axr K)l
ARRAY ARR IO!'
RttL lllllr l,lAXf
IilTEGER NPTT KI
SEGIT{

II{TECER I 
'riilil o {tx a ARR ltL

FORI'2SIEPtUIIIIL
BE6IN

IF ilII{ > ARR III
EECIN

IIIN + ARR II"
K + I'

END ELSE IF I.IAX < ARR ! I ] THEN
MAx !' ARR TI',

NPT OO

IHE N

cNTR0552
cNTR0553
cNIR0554
cirTR0555
C ril TR 0556
cNTR0557
CNTRO55E
cNtR0559
cNtR0560
cNTR0561
cNtR0562
cNTR0563
cNIR0564
c N tR 0565
C lir lR05 6 6
cNTR0567
cNTR0566
cNtR0569
cNlR0570
cNTR057 t
cNTR0572
cNIR0573
CNlR0574
cNlR0575
cNtR0576
cNTR0577
cNlR0578
cNTR0579
cittR0580
cilI.R058t
cNTR0582
cNtR0583
cNrR0584
cNTR0585
cNTR0586
cNIR0587
cNtR0588
cNIR0589
CNTR0590
cNTR059t
cNTR0592
cNrR0593
cNTn0594
cNtR0595
cNTR0596
cNTR0597
cNTR0598
cNlR0599
c{1R0600
cNTR060 I
cNtR0602
cNtR0603
cNTR0604
c N 1R 0605
cNTR0606
cNTR0607
cil TR 060 I
cNtR0609
cNTR0610
cilrR06t 1

cNtR0612
cNtR0613
cNIR06r4
cNTR0615
cNlR06t6
cr,tTR0617
CNTR06lE
cNtR06l9
cNTR0620
cNTR062t
cNTR0622
c NtR 062 3
cNtR0624
c N TR0625
cNlR0626
cNTR0627
cNTR0626
cirTR0629
cN1R0630
cNlR0631Eil 0,
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END' cNlF0632
ttl*t*rttitttttllttr* CNTR0633

FOR I' POINIS STEP' 1 UNTIL 1 DO Ct'ITR0634
sEGIN CNTRO635

cI tll. Cl tI'11' cNlR0636
CJ tll + CJ tI' 11, CNTR0637

END' CNTR0636
DCt . 1.0 / XSIZE, CNIR0639
ocJ r 1.0 / yslzlt cNlR0640

scALE ARRAYS cNTR064l
SCALES (CL P0lNTS,0r 0Clr t)l cNTR0642
scaLES (CJ, P0INTs, 0r 0cJr 1)l cNlR0643
Ir C0NLi.1 THIN cNlR0644

LB6t r BEGIr,t CNTR0645
If ENTITR (CVAL / l0) = CVAL / l0 CNlR0646
IHEN FOR I C I, 2 OO LYNE (CIr CJr CNTR0647
POINTST t )l CNTR064E
LYNE (CTr CJI FOINTST 1)I CNIRO649
GO TO NNLAELE' CNIRO65O

ENtr, cNrR0651
MtriltlAx (CI, P0lNTSr t'tINIr f.tAxIr IMIN)f CNTR065?' MINMAX (CJ, POINTSr tlINJr t'1AXJr JMIN)l cNtR0653
IF (Cl tt! I CI IP0INTSl 0R CJ tl] t CJ t CNTR0654
POINTS]) THEN IF POINTS 

" 
IO22 AND (MAXI CNTRO655

- MIiII) < r5 ANo (MAXJ't'IINJ) <.5 THEt'l CNTR0656
GN TO LBgl ELSE CPI + ENTIER ((PNIiITS + I CNTRO657

3L

) / 2) ELSE
BEGIN

cNTR0656
cNTR0659

cNTR0669
cNlR0670

cNTR0653
cNiR0664
cNTR0665
cNlR0666

IF Ct trl a Cf tP0lNTSl ANo CJ [1] 3 CNIR0660
CJ tP0lNTSl lHEt{ CPI + JMIN, CNTR0661
tF cPT > 1000 IHEN CPI + 900' cNTR0662

ENO,
LABL€ (CpTr pt, LBBt),
Ir CPt r I Tr.{EN c0 T0 LBB,

I DRA}I COilTOUR IO ONE SIDE OF LABEL

LYiIE (EI, CJ, CPIr 1)'
LBB' CPT A POINTS. PT + I,

Ct f Il + CI tl I Pf - 11,
cJ tIl o cJ tl r PT - tl,

ENO'
r DRA( CONTOUR TO THE OIHER SIDE OF LABEL

IF ENTIER (CVAL / 1O) - CVAL / 1O IHEN CNTRO667
FnR I r l' 2 DU 1-YNE (CIr CJr CPlr 1)J CNTR0668

F0R I + I STEP I UNTIL P0INIS - PT + I D0 CNlR0671
BEGIN CNIRO672

cNTR0673
cNTR0674
cNTR0675
cNTR0676

tF ENTIER (CVAL / 1O) - CVAL / 1O TH€N CNTRO577
F0R I o tr 2 00 LYNE (CIr CJr CPTr l)f CNTR0676
LYNE (CI, CJI CPTT 1)I
N0LASLEt P0INTS + 0,

END 
'Itrrrtr*tatr*rr*ttttt

STREAI,{ PROCEDURT SCLEAR (A)'
EEGIN

DI . A,
4 (32 (32 (SklP 0ts,
0s + 5 nEsET)))

END'
Itttltrt**tl*tltttttt
TNTEGER STREAI.I PRNCEOURE GETCHAR (Ar C)I CNTRO69O
VALUE C'
EEGIN

sl a A,
Sf . SI + C,
Dt ( LOC GETCHAR'
DS'7LIT"0"
DS + CHR

END'
Ittt*rrartrttrrltltt*
STREAM PROCEDURE LOADCIIR (AT CT V),
VALUE Cr V,
BEGIN

Dt + A,
Dt . DI + C'
st + L0c v,
st + sI + 7'
DS + CHR

END'
Ittttttrtitttttttrtr*
PR0CE0URE RIGHI (LL, t'{r NN)f
INTEGER LLT MT NN'

cNlR0679
cNTR0680
cNrR0681
cNTR0682
cNTR0683
cNTR0684
cNTR0685
cNlR0686
cNIR0687
cNTB0688
cNTR0689

cNTR069l
cNTR0692
cNTR0693
cNlR0694
cNTR0695
cNtR0696
cNlR0697
cNtR0696
cNrR0699

NTROTOO
NIROTO 1

NrR0702
NTROTO3
NTROTO4
NTROTO5
NtR0706
NTROTOT
NTROTOS
NlR0709
NtR07t0
NTRO71 1
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SEGIN CI'ITRO712
EOOLEAN RIGIi' CNTRO713
cAsE sloE 0F CNTR0714
BEGtf'l CNTR0715

RIGH 1 {OT BOOLEAN (GETCHAR (CODT t CNTRO716
J0E1, I0) | t4l l 1l)' CNTR07I7
RIGH . NOT BTJOLEAN (G€TCHAR (COOE t CNTROTlE
J061, IO). t44 r ll), cNIR07t9
RIGH + NOI EUOLEAN (GEICHAR (COOE t CNIROT20
J06lr Io). t45 I tr), cNTR072l
RIGH + {OI EUOLEAN (GETCHAR (COOE t CNTRO722
J061, lo). t46 | ll), CNTR0723

EitD' CNIR0724
tF RIGH THEN CNTRO725
EEGIN CNTRO726

LL e 3' CNTR0727
M . - It CNIR0728
NN 1 I CNTRO729

END ELSE CNIROT3O
BECI!,I CNIR0731

LL . l, cNTn0732
M r 1, CNIR0733
NN + 3 CNIR0734

END, CNIR0735
END' CNTRO736
la**rrtrrri*a*rta*irr CNTR0737
PROCTDTJRE SET, CNTRO738
EEGIN CNTRO739

INTEGER Jr l, Kt CilTR0740
K + GETCHAR (CODE tJEE]r IO)J CNTRO7A1
lF ABS (sL - SI0E) s 2 0R x. (43 t 5l t CNTR0742
0 rHEN J.16 ELSE Ct'1tR0743
BFGII,I CNTRO744

J . 0, cNtR0745
FOR I+O STEP I UNTIL 3 DO IF 

'itII> 
CNTRO/46

CVAL IlltN JGJ+l ELSE J+J'1, CNTR0747
IFJ'OTHENJ' 16ELSE CNTRO748
B€GIN CNTRO749

F0R I c 5Lr SI0E 00 CASE I 0F CNlR0750
BicIN CNiRO751

JcJ+8, CNTR0752
J+JrA' CNTR0753
J.J+2' CNTR0754
J . J r 1' CNTP0755

ENn CNIR0756
END CNTRO757

fND, CNTR0758
J.XtJt4!r43l5l' CflTRo75e
L0a0CHR (CoDF: tJ06t, I0, J), CNTR0760

ENO' CNTFOT6I
t r r l r t t r r r t r r * I r r r * r t c l.l T R 0 7 6 2
BOOLEA{ STREAI,I PROCEDUR€ CHK2 (A, i})' CNTRO763
VALUE B r CN1R07rt4
EECIN CNTRO765

0I i LoC CHK2, CNTR0766
0S . 7 LIT no', CNTR076'
Sl . A, CNTR0768
St f St i B, CNrR07{t9
IF SB THEN DS+LIT "Ii ELSE DS+LIT 'Oi, CNTROTTO

END' CNTRO771
taartt*tt*t**ttllltit CNIR0772
sOOL€AiJ PRBCEDURE CHECK' CN'R0773
BEGIN caiteozzrr

Ii]IEGER I' cNTR0775
I + GETCHAR (C00E tJ061r IS), Ct{1R0776
IF I>I5 IH€N CHECKCFALSE TLSE CASE SIOE OFCNTROTTT
BFGII'I cN1R0778

CHECK + r,l0T B0ULEAN (l . (44 | 1l), CNTR0/79
cH€ck I N0t S0[JLEAN (I r f45 r 1l).t cNTR0780
CHECK a NoT B00LEAN (l , C46 r tl)' cNIR078t
cHECK e N0T S0ULEAN (I . t47 t ll)' CNTRo782

END' CNIRO783
END' CNTRO784
xr*r*.i{***rrrtrrltrt cNIR07g5
PROCEOTJRE ZSHIFI, CNTRO786
BEGIIT Cr.lTR0787

cast slo€ 0F cNrR0788
FEGII'I CNTRO789

BE6IN CNIROTgO
zt . z3t CNTR0791



IunonulttoN CIBcULAR 15

z2 e z4' CNTR0792
Z3 c AJUST (Z tJ0 | lr I0l)l CNTR0793
z4 + AJUST (Z tJ0 + 1r l0 + 1l) cNTR0/94

EN0' CNIR0795
BEGTN CNTR0796

Zl ( ZZt CNTR0797
Z3 I z|i CNTR0798
22 . AJUST (Z tJ0, t0 r ll), CNTR0799
24. AJUST (Z tJ0 + lr I0 + 1t, cillR0800

END' CNIROEOT
BecIN CNTR0602

z3 + ztt CNTR0603
z4 . z2t cNlR0804
z1 G AJUST (Z tJOr I0l)t cNTR0605
22 r aJUsT (z (J0, I0 + 1l) cNlR0806

tNo, Cr.lTR0807
BEGIN CNIR0808

ZZ . Z!, CNTR0809
24 r z3t cNIR06t0
ZI + AJUST (Z tJOr IO] )' CNTROE1 1

Z3 r AJUST (Z lJ0 + 1, I0l) CNTR08l2
tNo, cNrR081 3

END CNTR08! 4

ENO' cNrR08t5
:tatrrrrt*ltt*a*trt.t CNTR0816
PROCEDURE TRACE, CNTNOE1T

BEctN CNTR0818
t 0ETERMINES ExIT SI0E F0R F0LLnIIING SEC0NnARY C0NT0URS THRUU0H CNTR0819

I P0L€0 Bl0cxs CNTR0620

INIEGER LL, q, NN' Ir Kr Lr Nl CNTR0821

LABEL FNDz' CNTRO822

DEFINE J c SIOE TI CNTRO823
ti N0r sGRI0 THEN zsHlFT ELsE sGRIDlFALsErcNTR0S24
RIGHT (LL, i,{' NN)' CN'R0825
L . SIOE + LL' CNTRO826
N + SIoE r NN, CNTR0827
FnR I + L STEP I.,I UNTIL I'I OO CNTROO26

EEGIN CNTR0629
J+I.e46t2lt cNrR0830
K r (t r t, . t46 . zrt CNTR0831

IF (t{ tJl - CVAL). t1 r 1l t (}t il(l CNTRo832
. CVAL) . It I I] THEN GO TO FND2 CNIRO833

END' cNrR0834
FND2r CNTR0035

ENo' cNtR0836
1a*r*r.*r*r*tirlt*.*t CNIR0837
BOOLEAN STREAI,I PROCEDURE POLED (AT B)I CNIRO838
VALUE B, CNiR0639
BEGIN CNTR0E40

0t + Loc P0LE0, CNTR0041

0S . 7 Ltl i0', C(fR0842
St I a, CNIR0643
Sirp I 58, CNTR0644
tT SB TH€N DS+LIT '1' ELSE OS'LIT NON' CNTRO845

END' cNrR0646
g*tr*rr*r.trrrttr*1ta CNTR0847
PROCEOURE SUBGRIO, CNIRO648,
BEGIN CNIRO849

cor.fiitENT lHts R0uTtr.lE INT€RP0LATFs AN0 TRACES C0UT0UR THR0UGH A GRID B0X.CNTR0850
THE BASIC GRIO IS DtVtOED INTO A SI'B'GRID IiHOS€ Z VALU€S ARE CNTRO65l
OETERXINEO (AS NEEOEO) 8Y PSEUOIJ'SPLINE INIERPOLATION. CNIRO6'2
THE CONTOUR IS THEN TRACEO IHROUGH THE SUts'ORIO STDES NITH CNTROE53
X.Y VALUES OET€RMINEO gi I.TIENN INTERPOLATTON OF IHE SUB'GRIO CI(1IR0854

VALUES. fi'1TR0855
THE EXIT StOI IS RETURNEO TO THE IAIN TRACING ROUTINI ALONG CNTR0656
frllH RE-ENIRy DATA. CNTR0857

LOCAL PARAilETER DESCRIPTTONS| CNTRO658

FtELDtI]t IilAGE OF BASTC GRtO 8LOCK. CNIRO659
ISTJSI SUB'GRID tN0tCES. CNIR0660
AT]i PSEUDOTSPLINE COEFFICTENTS' CN'RO66T
POINIA,POTN'8,ZII22T23T74I TEI.IPORARY Z SUts'GRIO OATA' CNTRO862

SSIDET SUBiGRID SIOE tNDEX. SAI.IE CONVENTION AS SIDE CNTRO663
0r{it ARRAY Ai0t3r0t8lrNt0t3l! CNTR0664
REAL POII.ITAT POINTBT DELTAT XOT YJ CNTRO865

INTEG€R trL!IIITNiITXTSSIOEINUIIBERILTN' CNTRO866
OtiN INTEGER IS, JS, CNTRO667
DEFTNE Zt = w tll ,' CNTR0868
22 = | COI t, cNlR0869
23 = it !21 t, CNTR0070
za ! N t3! f, cNTR087l

33
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X ; X0 lr
J c SIDE rl
F0ni'tAl FilT0l(isuEGRIDr Nfl ENTRYn),

Ftll02('SUBGRI0t N0 EXITn),
La8€L FN01 rF{02,

Itrtlt**rt*ttttt*rltr
PR0CEoURE C0FFFC (10, J0)'
INtEGER I0r.,0,
BEGIN

INTEGER JJr Jr IIr lr K!
DTFINE |jlI ; Z {JJT II7 TT

Ul2 = Z tJJr II + ll lr
[13 = Z lJJt 1l + 2l tt
tt2l = Z IJJ + l, lIl t,
N22=ZIJJrlrtl+111,
n23=2IJJ+lrlI.2lrr
tl3l = Z tJJ r 2r lIl tr
N32=ZaJJ+2rII+11t,
t{33: Z 11,1 + 2t 1l + 21 lt
P5 : 0r5 t,
PA B 0.25 at
JJ+JO.I'
FoRJc0r2D0
EEGIN

Il . I0 - 1,
FoeIa0rtD0
BE4IN

K ' J T I'
A lKt 8J + N22|
At Kr t l.P5x(|i32-{ l2 )t

CNTROET2
cirTR0E73
CNTROET4
cNTR0875
CrtrlR0876
cNTR0677
cNlR0678
CNIROET9
cNTR0880
cilTR088 I
CNTROES2
cNTR0683
cNTR0884
cNTR0885
cNTR0886
cNTR0887
cNTR0688
cNTR0889
cNTR0890
cNlR0891
CNTROE9?
cNTR0893
cirTR0894
cl.ITR0895
cN1R0896
cNTR0897
CNTROE9S
cNtR0699
cNlR0900
cNTR090 1

AtKr6loP5x(ll2+w32)-AtKr8lrCNTR0902
AtK, 5laP5x([23-ri21 )' cNtR0903
A t K,4I cP4r ( w l1-( 13-I3l + CNTR0904
r{33)' cNTR0905
A t (,3l.p4x ( I t 3ir 33-ii 11- CNtR0906
ti3l)'AtKr5ll cNTR0907
AtK, 2 j+P5x (,l2 l+fi23)-AtKr 0l j CNTF0908
A t K, 11+P4x ( [ 3l +'i3 3-( 11-yi13 )CNTR0909
-AlKrf)t cNTR09t0
lIKr0l+P4x((31+[33+il1 1+fl l3]CNTR091 I
-AtK,El-AtK,6l-AtK'2)t CrtTR0912
II + IO

ENO'
JJCJO

END'
ENN'

It*ttr*tt*tt*tt*ltltt
REAL PR0CE0UaE ZVAL {Xr Y)f
VALUE X, Y,
RFAL X, Y,
BEG I t'l .

Ittttr*r**trt*rt*rr*t
REAL PRICEOURT 21f (XT YT 1)'
VALUE Xp Yr ll
REAL Xr Yi
INTTGER I'
BEOlN

cNtR09 I 3
cNTR091 4
cNTR09l 5
CNTR09t6
cNTR091 7
cNtR09t 8
cNTR0919
cNTR0920
cNTR092 I
cNTR0922
cNTR0923
cNTR0924
cNTR0925
cNlR0926
cNTR0927
cNTR0928

ZIl a (((A IIr 0] x Y + A IIr I CNTR0929
l) x Y + A llt 2'l) x x + (A tI, CNTR0930
3l x y + A tL 4l) x y + A IIr CNTRo93l
5l) x x r (A tI, 6l x Y + A tI, CNTR0932
7lt x y + A II, 8li

€ND'
Ittttttttr**t*ltltt*t

REAL DX, DY'
0X t X - lf
0Y + Y - It

cilTR0933
cN1RO934
cNlR0935
cNTR0936
cNTR0937
cNlR0938

zvAL + nx x 0Y x zII (xr Yr 0) - x x cNTR0939
DY X ZIT (DXr YI 1)'DX X Y X ZIT ( CNTROgAO
Xr DYr 2) t X I Y X Z'T (DX, DYr 3)I CNTRO94I

END' CNTRO942
Irr*r*r**r*rr***rrrr* CiiTR0943

COEFFC ( l0r .t0)l CNTR0944
IF SGRIO THE{ CNTFO945
8E0lN Cl.llR0946

COI.,{I,IENI THTS SICTTON OETERI,|INE5 FNTRY PI. AT BEGINNING OF CON]OUR SCAN' CNTFO947
CASE SIDE 0F CNIR0948
BEGIN CNTRO949

8EG IN CNTRO95O
CJ t01 + J0, cNlR0951
P0INTA t Z tJ0r I0Jf CNTR0952
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NUMBER r NUIX CNTR0953
END' CNTRO954
SEGIN Ct{1R0955

cI tol i I0, criTR0956
P0INTA r I tJ0r l0ll CNTRo9tl
NU|,TBER + NUr.rY CriTR0958

END' CNTRO959
BEGIN CNTRO95O

CJ tol e J0 + l, CNlR096l
P0INTA + Z (J0 r l, I0l, CNTR0962
NUMBER + NUMX CNIRO963

ENr), CNIR0964
SEGIN CNTRO965

CI I0l . I0 + l, CNIR0966
P0INIA + Z tJ0, I0 + ll, CNTR0967
NUMBER . NUMY CNTRO968

Er'ln, CNTR0969
EllD, cNlR0970
POINTA . AJUST (PI}INIA) 

' 
CNIROgTI

FOR I + 1 STEP I UN1IL NUMSER DO CNTRO972
BEGIN CNTRO973

ls.I-l, CNTR0974
cAsE St0E 0F crltR0975
BECIN CNTRO976

P0If'{tB + ZvAL (i x Dxr 0), CITRo977
p0lr{TB + IVAL (0r I x DY)' Cr'rTR0978
P0INT8 + ZVAL (1 x 0rr 1)t CNtR0979
P0r{r8 0 zVAL (1r I x 0Y)' CNTR0980

ENN' CNTRO9S 1

POTNTS ' AJUST (POINIB)' CNIRO982
lF (P0tNrA - cvaL) | t1 ! ll t (cNtR0983
P0tNTB - CVAL) . t1 I 1l THEN CNTR0984
00 T0 FNDI' CNIR0985
PO1NIA E POINTE CNTRO986

eNo, CNTRC987
OUT OF LOOP THEN BUST OCCURREO, CNTRO988

lRllE (lPr FMT0I), CNTR0989
G0 T0 BtjSlEo' CNTR0990
FNDIt OELIA + ((CVAL . POINTA) / ( CNIRO991
PoINTB - P0INTA) + IS), CNTR0992
cAsE SInE 0F Ct{tn0993
SEGIN CNTRO994

BEGIN CNTRO995
21 . P0INIA' CNTR0996
Z2 + POINTB CNTRO997

ENn, CNTRO998
BEGIN CNTRO999

21 + POTNTA' CNTR1OOO
23 c PoINTB Cr.rtRlool

ENo' CNrRl002
BEGIN CNIR1OO3

23 + PoJNTA' CNtn1004
24 r PoINTB CN'R1005

ENn, CNtRl0O6
BEGIN CNIRIOOT

22 . P0INTA' CilTRloo8
24 + PoINT8 CNTR1009

E{n' CNTR1010
Et'to, cNrRlotl
CASE SIDE . t47 r tl 0F CNIR1012
EEGIN CNIR1OI3

BEGII{ CNIR1OIA
Cl t0l + I0 + DELIA x 0X, CNtR1015
JS a 0 CNtRl016

END, CNTRIOIT
BEGIN CNIR1OIS

CJ t0l + J0 + DELIA x DY, CNTRl019
JS 1 IS' CNTR1020

Eiln' CNrRl02t
END' CNTR 1 022
PoINTS + l, CNTR1023
SGRID + FALSE' CNTR1O2(

END' CNTN I 025
CASE SIDE OF CNTR1O26
BEGIr'l cNlR1027

JS + 0, CNTR!026
Is . 0, cNlRl029
JS + NUMY - t, CNIR1030
ts+NU{X-l CNrRto3r

EN0, cilrRlo32

35
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sstDE r st0E,
COITENT SEI RIGHI OR LEFT TRENO 

'HROUGHOUT 
ELOCKS'

RIGHT (LL, N, I{N),
COI.{t{ENI SIARI SUB.GRID INACE ITERATION'

xHtLE ts > 0 At{o Js:0 Ar{D IS <

JS < NU},IY OO

8€GIN
COMTEilT COiIPUT€ RE!tIINING Z VALUES OF SUB'GRIO sLOCK'

x0 + ls x Dx,
Y.JSxDY,
CASE SSIDE OF
EECIN

8EE IN

E Nr),
EEGIN

cNTR1033
cr{rR1o34
cNrR 1035
cNTRl036

NUMX AND CNIRtO3T
cNIR1038
cNTRt039
cNlR1040
cNlR1041
cNTR1042
cNTR1043
cNTRl044
CNtR1045

u 3 c A J U S I ( Z V A L ( X 0 r y j 0 Y ) ) | C N I R I 0 4 6
Z4cAJUST(ZVAL( X0+OXr.Y+DY ) )!CNTR1047

cilTRl048
cNTR1049

22+aJUSl(ZVAL(X0+01rv111 CillRl050
Z4rAJUST(ZVAL(X0+DXrYr0Y) trCNTR105l

ENN' CNTRIO52
BECIN CNTRIO53

21. AJUSI (ZVAL (X0r Y))' Cr{1R1054
z20AJUSI(ZVAL(X0aDX,Y)'' CNTRI055

END' CNTR1O56
Bgclx cNtRt057

Zl + AJUSI (ZvAL (x0r Y)), cNrR1058
z 3 c A J U S r ( Z V A L ( X 0 , y I D y ) ) 

' 
C N I R 1 0 5 9

ENN' CNTR1O6O
ENo' ctlTRl06l
L + SSIDE T LL' CNTR1O62
N A SSIDE } NiI' CNTRIO53
rOR I + L SIEP il-UNTIL N OO CNTR1O64
BEGIN CNTR1O65

JcI.t46t2lt CNTRI066
K + (I + l, . a46 | 2rt CNTR!067
lF (li tJt - cvAL). t1 I 1l t ( cNTRt068
tl l(l - CVAL). tl t 1l THEN G0 CNTR1069
TO FTID2 CNTRTOTO

ENO' CNTR1OTI
COIMENT IT FALL OUI IHEN FAILURE TO FIND EYII, CNTR1O72

|{RITE (LP, Ft4T02), CNTR1073
G0 T0 tsusTE0' CNlRl074
rNO2t IF J ! O OR J:3 IHEN 

'ELTA 
C CNTR1O75

(tl tKl - CVAL) / (r{ tl(l'x tJl) CNTR1076
ELSE DELIA. (N tJl - CVAL) 7 (|{ tJt CNlR1077
- x tKl)f cNlRt076
cAse J . t47 r 1l 0F cNTRt079
BEGTN CNIR1O8O

c I ( P 0 I N I S I + I 0 + ( 0 E L r A + I S ) x 0 X 

' 
C N r R r 0 8 I

C J t P O I N I S ] C J O + ( D E L T A + J S 

' 

T D Y C N I R 1 O 8 2
€N0, cNTR1o83
CASE J nF CNTR!084
BEGIN CillR1085

BEGIN CNTR1O86
cJtP0lilTStlJ0.JSx0Y' cNTR1087
JS c JS . l' CNtRt088
23 . llt CNtRl089
z4 4 22 CNTR1090

END' Cr.rTR1091
EEelN CNrRt092

cItP0INISI+10+ISxDX' CNTRt093
lS . IS - 1, CNTR!094
22 . zlt CNTR1095
z4 e z3 CNTR1096

END' CNIR1O97
8€aIN CNIR1090

c J I p 0 I N t s I c J 0 + ( J s + I ) x 0 y , c N I R I 0 9 9
JS + JS 1 l' C{lR1l00
zl . z3t cNlRllol
12 . 24 clitRlto2

€iln, $'nR1103
EEclN Ct'lTRlloA

C I t P 0 I N t S I e I 0 i ( I S + I ) r D X , C t'l I R I I 0 5
IS r IS i 1' CNIR!106
Zl . Zzt Ct{tRl107
z3 + 24 CilTR1106

ENO' CNTRI1O9
END' CXTR1 I IO
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sslDE . (J + 2) . 146 | 21t CNTRllll
P0INTS + POINIS + l, CNTRtll2
IF POINTS:102? THEN CNTRIII3
BEGIN CNtRtltq

PLntIt' cNTRttls
co\l + 2 cillRtlt6

END' cNtR1117
END' cilrRtltS

END' cNlRtlrg
Irtrtr.trtrrtrrtrrrrt cNrR1l20

c0MtrENl c0l,lT0uR SEARCH L00PSi cNIRll2l
tl00E:0 80fl0il BORoER CNlRl122
r{oDErl ToP 

- cNTRt 123

12 L€FI cNlR I I 24

:3 RtcHt cNTRtl25
.l trrigntonl CNTR1126

FoR M00E + O SIEP 1 UNTTL 4 00 cNlRll27
BEGIN CNTR1128- 

Jt i tJA at{00E1, cNlR1129
ji . i.rr tirooE + 5li cNrRll3o
ti. t.rl tt.tonE + tot, cNTRtl3l
ii. i.rl afiooE + lsl, orrR1132
iin.lil.rrironel sTEP r UNIIL JBtt'l00El 00 cNlR1133
ron IS"II!rOnel sTEP I UNrIL l8tM00El D0 crlTRt I 34

BEGIN CNTR1135

st0E. sDE tMODEl' cllTR1l36
J08 + Js x 8' cNtRt137

37

JO2 . Jc x 2, CNTRll36
ii cxec< AN0 (AJusT (z tJs + Jt, Is rlrR1l39
+ IlI) - CVAL). r1 t ll * (AJUST (Z CNIi1140
IJS + J2r IS + I?l) - CVAL) . tl ! I CNlR1141

I THEN CNTR I t 42

BE6IN CNIRI !43
SGNIO E FlERI'I ' TRUE' CNTR1144
TEefi . TRil + FALSE, CNTR1IA5
SS . SIDE, CNTRlt46
l0 . tS, CNIRI 147
JO. JS, CNTRil46
CoNL + 1, CNTRllAg
agt11g c 0l CNTR1150
00 cNtR1l5l
BECIN CNIRI 152

sL a stDE, CNTRI 153
fF SGRID THEr,t CNTR1154
BEctt{ CritlRllS5

Z1+AJUST(ZtJ0rI0l)i CNTRll56
z2.AJUSr(ZtJO, t0+11 ), CNrRI 157
Z3+AJUST(ZtJ0r1, I0t ), CNIR1156
z4lAJUSl(Zt J0+1, l0+1 I )cNTRl 159

END ELSE ZSHIFT' cNlRtl60
IF t.IOI PRIMF ANO POLEO ( CNTR1161
PC()OE IJO2I, IO) THEN CNTR1162
BEGIN CNTRllltl

If P0lr'lls > 0 THEN CNTRl l64
BE6IN cNTRll65

PL0IIT, CNTR1166
C0NL + 1 CNIR1167

END' CNIR1168
IRACE CN'R1169

ENO ELSE SUBGRID' CNIRIlTO
sET' cNIRt 17t
sIDEo(St0E+2r.146r21' cNrRlt72
iicrser casE sIoE oF c{rR1173
BEGII CNTRT174

BEGTN CNTRIITS
J0 . J0 + l, oNTRl176
J08 c J0 x 6' CNtnltTT
JO2 +. J0 x 2 CNIFI 178

EriD, CNTRI 179
l0 + Io + 1' cNlR1180
EEGIN CNIRT I8T

JO o J0'l, CNTRtlS2
J08 . J0 x 6' CNtRll83
J02.J0x2 CNfRllSA

E1D, CNTR1185
I0 + I0 . l, cNTRll86

ENo, CNTRI 187
tF t0 < lA (0! 0R I0 > IB tcNrR1t86
4t 0e .,0 < .r! r0l 0R J0 > CNTRll89
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JB T4I TIIEI{ IRT r TRUE C}ITRI19O
ELSE tERr,t I CHK2 (CoDE t Cr{IR119l
JQEIr l0)l CNIRI t92

EiII) UNTIL IRi{ OR TERI{ OR (IO 3 CNIRtl93
lS AxD Jo s JS AND SS s SID€), Ct{TRtte4
IF POIiITS > O THEN PLOTIT' CNTRlI95
IF (IERII OR TRM) AND FIERI.{ AI{O CNIRItg6

'roDE 
r 4 THEN c*rRttgT

BEGIN' CNTR1I98
sI0€a(ss+2).t46r2I, cNtRtl99
I0 + lS, Cr.ltRtzoo
J0 + J5' CillRt2ol
IF Sl0E r (47 | 1t r 0 CNTRIzO2
THEN CNIRI2O3
EEGIN CNTil2o4

J08 + J0 x 8' Ct{TRt205
J02+J0r2 CNIR1206

€ND' CNrRt207
CONL C I' CNTRI2OS
TRil I FtERil c FALSE' CNTRl2og
SGRIo + TRUE, Cl{tR12f0
GO TO RECASE CNrRt2lr

EilD' CNTRl2t2
Et{o, cNrRtzt3

END, cilTitzt4
Et{D' cNrRt2t 5gUStEDt SCLEAR (C008 tot ), CNrR12t6

El{o, cNTRt2l7
lirtttrr.*rtr.rtrr*.i CNfRt2t6

c0|iilEirT EIo TRACJNC AXo oRATING 8L0C(' cNlRl2t9
Ittrrrrt.rrrrrrrrl..r CNTRI2Zo

CONIiIEIII THIS CONPLETES ART }IORK Ot{ SU8-GRtD. R€IURI* FOR NgXT GRIO' CilTRt221
lF CARRA TxErt CxIRt22A
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